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SIZE 8 
MAGNETIC 


SIN E/COSINE GRAY 


SELF-DECODING 


new 
noncontact 
magnetic encoder 


MODEL NO. 807 


FEATURES: 
Long life, hig 
natural binary V-Scan readout. 
SPECIFICATIONS: 
Output Code: natural binary 
Resolution: (per input shaft turn) 
128 count 
Full Scale Capacity: 7 bits* 
Speed: operating from 0 to 
10,000 rpm 
Life Expectancy: 20,000 hours 
at 4,000 rpm; 4 x 109 revolutions 
Starting Torque: 0.1 in-oz. max. 
Diameter: 2” 
Length: 1 13/16” 
Weight: 5 ounces 
*ALSO AVAILABLE IN 13, 17, AND 19 
BIT CAPACITIES. 


NEW CATALOG 
AVAILABLE 
write today 

for your copy 


new 
1 Biloyeztsreeyere 
shaft-to-digital 
encoders 


Librascope Shaft-to-Digital Encoders are highly accurate, reliable, shock-resistant, 
and versatile... ready to serve in a variety of applications including missiles, 
aircraft, machine control, computers, Doppler navigation and data processing. 
Accuracy that counts is the by-word of a Librascope Encoder... backed by the 
superior technology and reputation of one of the world’s largest producers of 
Computers that Pace Man’s Expanding Mind. 
other popular Librascope encoders Resolution 


Full scale per input 
Code | Model no. capacity shaft turn 


new anes 773 13 bits 128 counts 
subminiature ‘% — @QQ-773 oil-filled unit for increased life 


size 8 encoder Binary ys 10 bits 1024 counts 
707 (707D*) 7 bits leo 
713 (713D*) 13 bits 128 ” 

MODEL NOS. 787 & 795 Binary 717 (7170") 17 bits 128” 


FEATURES: 719 (719D*) 19 bits hae) 


gh reliability, high speed, Low torque, low inertia, long 0-713 oil-filled unit for increased life 


life, high reliability, withstands Self-Decodin 

severe e nts “vec & 

severe environments. Binary 740 10 bits 1024 counts 
SPECIFICATIONS: 723 (723D*) 2,000counts 200 ” 
ae woh nor natural amary 724 (724D*) 20,000 ” 200 ” 
a /C/l 733(7330*) 3600 ” 200 ” 
Full Scale Capacity: 7 bits, i 734(734D") 36,000 red 
ee 735 360,000 200 ” 
siew OUU rpm 

Life Expectancy: 2 x 106 757-S** 4 quadrants 7 bits per quad- 
revolutions at 200 rpm Sine/Cosine per turn rant + limit 1 
Starting Torque: 758 4 quadrants 8 bits per quad- 
0.5 oz-in. max mum 758-S** per turn rant + limit 1 


D ter: 
Weight: 3 ounces Gray 708 8 bits 256 counts 


*Contain isolation diodes **Servo driven, 
for multiplexing hermetically sealed 


BURBANK BRANCH F. 
or career 
LIBRASCOPE Division op ortunities, write 


GENERAL PRECISION, !Nc p John Schmiat 
100 East Tujunga « Burbank, Calif. Exgineering Employment 
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SELECTOR 
. SWITCHES 


for for 
RESISTANCE ® THERMOCOUPLE 


THERMOMETERS ® THERMOMETERS 


THE 9S SERIES / The Space Savers 


Small, sturdy, steel cased switches, 114 inches in diameter, 2% inches total shaft 
length, one-hole mounting with 14 inch-32 NS-2A threaded bushing. Designed 
especially for connecting two or more resistance bulbs to one instrument. 
Description 
singte pi _ positions (with knob) 
ingle pole, four positions 
Single pole, five positions 1% INCH SIZE 
Double pole, double throw 


All make before break, the instrument connected is never subjected to an open 
circuit during the switching operation. 
EACH SWITCH HAS “OFF” POSITION PLUS NUMBER OF POINTS LISTED. 


Switch Part Numbers 
Thermocouple 3 Wire Resistance- 
Points Size Type Thermometer Type 
Yl 36SR2 
: set 
3 
378R5 2 INCH SIZE 
37SR6 
37SR8 
37SR9 
37SR10 
37SR12 


37SR18 
37SR20 
38SR24 


2 
3 
4 
5 
6 
8 
9 
10 
12 
16 3 37SR16 
18 
20 
24 
28 38SR28 
40 


(No. 38S82C is made with soldering-lug terminals) 


37S6C2, Four “4-point and OFF” thermocouple 
switches combined in one 3” case. 3 INCH SIZE 
The 44S Series, 2% inches in diameter, shaft 214 inches, approx. One-hole mount. 
ing with 14 inch-32 NS-2A threaded bushing. 
Description 
Six pole, double throw 


Double pole, four position 
44S7B2 Double pole, double throw 


For use with resistance thermometer, contacts make before break. 


DESIGNED FOR TEST WORK AS WELL AS FOR PERMANENT INSTALLA- 
TIONS. LEWIS SELECTOR SWITCHES ARE CONSTRUCTED WITH STURDY 
CONTACTS OF LOW RESISTANCE AND POSITIVE DETENT. THESE 
SWITCHES ARE SPLASHPROOF, DUSTPROOF AND ARE BUILT TO GIVE 
YEARS OF SERVICE. 


SPECIAL SWITCHES 


4 INCH SIZE 


@ 
& N 

ae | —e Oe AA ee a CT a ee, Com Ol OR 
c 3 | ss ; . 
Specialists in Electrical Dem perature Veasurements 
* 
s 


NAUGATUCK, CONNECTICUT 


CIRCLE 2 ON READER-SERVICE CARD 
January 1961—Instruments & Control Systems—Page 1 





Two completely new, transistorized, 
differential Data Amplifiers, Types 491 
and 492, by Offner Electronics Inc. 
Their high precision makes possible 
an accuracy and simplification of data 


reduction previously impossible. 
1/100% accuracy ‘Sixteen channels of data reduction 


| (Type 492) requires only 83” of 
1/1 00% alia rack space. Power supply occupies 


1/ 1 00% linearity only 514”. The combination of accuracy, 
Stability, fast response, and size is unmatched. 


1/100% accuracy 


1 /100% gain stability—for 1,000 hours at normal ambients 
1 /100% linearity—for full output 
All-transistor construction 
1 /400th second response—to step input 
Type 492 Amplifier (left) provides Very low output impedance—less than 0.1 ohm 
2 channels of precision amplifica- Infinite rejection—of common d-c signals 
tion per unit. The Type 491 (right) 120db rejection—at 60 cps 
is a single channel unit, with input o : A ; 
coupler for added versatility. 16 channels in 8% inches of rack space (Type 492) 


Versatile input couplers (Type 491) 


OFFNER ELECTRONICS INC. 
3910 River Road, Schiller Park, Ill. (Suburb of Chicago) 
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INSTRUMENTS 


AND 


CONTROL SYSTEMS 





INSTRUMENTS ano 
CONTROL SYSTEMS 


| EDITORIAL 
) The Engineering Shortage 


D. J. K!PP—There is no shortage of engineers, just a shortage of quality engineers 

















FEATURE ARTICLES 


Digital Comparison by NOR Logic , 62 
JOHN M. BOSWELL—Only two NOR elements are required for an equality compari- 
son 








JANUARY 196) Wo ee ee ee 











66 














Transformer ratio-arm bridge 

(page 102) is one article in this Process Control Systems 
month's subject of major emphasis FRED D. MARTON—Pump motor protected against dangerous conditions: electric 
—electrical measurements. This ewttal fan! hints | noi 

continues our two-year series on witchover tor high or low setpoint 

this subject. We also welcome the 

PRECISION MEASUREMENTS AS- 

ee ee The Stranducer Potentiometerr .................ccccsssssesssessssssececseeneennnenees aiceiuan ae 


Journal of the Southern California Meter Association ...... en Me Mc ly 


TOTAL FLOW SYSTEMS by LOUIS V. HICKMAN—Total! flow systems deliver gas to 
the pipeline automatically 





The Simulation Council Newsletter 
Western S/C Meeting of 22 July on heart lung systems . 
Simulation Council activities . , 





international Electrical Standards Laboratories ... 81 


DR. JAMES B. KELLEY—covers the National Bureau of Standards, National Physical 
Laboratory, Physikalisch-Technische Bundesanstalt-Berlin and -Braunschweig, Laboratoire 
Central des Industries Electriques, Austrian Bureau of Standards, International Bureau 
des Poids et Mesures. 


Journal of the Precision Measurements Association ........... Le 


INSTRUMENT ACCURACIES by GERALD STOLAR—covers electrical accuracy, track- 
ing accuracy, linearity and repeatability te 





NRC—Counterpart of NBS 
MARVIN STEINBERG—Equal validity can be attached to either an NBS or NRC 
certification or report 


Four- and Three-Terminal Resistance Measurement . 


JACK RILEY—three-terminal measurements increase accuracy of high-resistance 
measurements; four-terminal for low-resistance measurements. 


VOLUME 34, NUMBER |, JANUARY 1961 


The Iso-Ohmic Voltage Divider 
PETER J. VAN BENSCHOTEN—This modification of the Kelvin-Varley voltage divider 


uses resistors of only one value 





PRINT ORDER Schering Bridge a4 
THIS MONTH PETER LETICA—Schering bridge permits measurement of capacitors at voltages 


42,100 above a million volts 


Electronic Metrology Department ocsee TO 
J. FLYNN—the facilities and equipment of an experienced calibration facility 
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INSTRUMENTS VOL. 34 NO. | 


—- JANUARY, 1961 


Richard Rimbach, Jr., Vice-President CONTROL SYSTEMS 


Milton H. Aronson, Editorial Director 


Richard Rimbach, Sr., Publisher 


Fred D. Marton, Managing Editor 





Instrument Calibration Consoles 
JACK M. JANICKE—There are two basic types of consoles—direct compari 


son and regulated power supplies 


Robert C. Nelson, Sr. Assoc. Editor 


James Emge, Assoc. Editor 





Josephine Marton, Assoc. Editor Selecting a Potentiometer 


Robert E. Becko, Production Manager A. R. BECHTEL—The resistance and sensitivity of the galvanometer are twc 


basic factors 


Raymond C. E. Smith, Art Director 





John M. McLeod, Jr., Editor, Eliminating Vibration 
Simulation Council Newsletter Section DOLPH FRANKLIN—Inertia masses plus vibration isolators are used for 


mounting sensitive apparatus 


John M. Quirk, Editor, Journal Southern 
California Meter Association 
The Transformer Ratio-Arm Bridge 
R. CALVERT—This bridge permits independent measurement of resistance 
and reactance with high accuracy 





Armand T. Gaudreau, Consulting Editor 


C. F. Goldcamp, Manager, Research and 
Development 





Buyers’ Guide Corrections 


EXECUTIVE AND EDITORIAL OFFICES 


Pittsburgh 12, Penna., 845 Ridge Ave., Fair- 
fax 10161 or 1983! OTHER REGULAR FEATURES 


Letters to the Events Searchlite 
Editor ... Section 
SUBSCRIPTION RATES Books . 
For One, Two, and Three Years Trends ....... a we ee Industry News 


One Two Three s ; 
: a —_ Year Years Years N Advertisers 
United States, U.S, Pos- - ) oa 
sessions and Canada $ 4.00 $ 7.00 $ 9.60 Briefs -- vas ae a Index . 
a ty @ yore 
Latin American 6.00 $10.00 $14.00 : Cae . 
All other countries .... 10.00 165.00 20.00 New Applications New Instruments ....11 1 Inquiry Card 


Stock Report .......... New Literature ......158 Product Index . 


Position and company connection as well as 
products manufactured must be indicated in 
all subscription orders. 


— 

BBA | Payments from outside the U.S.A. i 
se eeie ae Ca ot oe INSTRUMENTS PUBLISHING COMPANY, publishers to the Instruments and Control 
‘ational Money Order or check on Systems Industry with four publications: 


1 U.S. Bank. 


INSTRUMENTS AND CONTROL SYSTEMS; INSTRUMENT & APPARATUS NEWS; 
For change of address, give old as well as MILITARY SYSTEMS DESIGN; MEDICAL ELECTRONICS NEWS 


new address, include postal zone number, 
If possible enclose address label from mag- 
azine. Please allow one month for change, 








ne Please send Form 8579 to Instru- 

ments Control Systems, 845 Ridge Ave., 

ments & Control DISTRICT OFFICES 

Richard Rimbach, Jr., Vice-President, Sales, New York, Murray Hill 8-0980 

Boston 16, Mass., Harold H. Short, Jr., 269 Main St., Stoneham, Stoneham 63982 

Chicago 6, Ill., Harold W. Haskett, Madison Terminal Bildg., 9 South Clinton St., Central 6-8963 

Clearwater, Florida, E. F. Nordstrom, 1651 Sherwood St., Clearwater 319033 

jostroments . P presen re (aecis Cleveland (Shaker Heights 22), Ohio, Max G. Bauer, 3310 Warrensville Center Rd., Wyoming 1-7145 

nstrument Manufacturing) published mon } ; 

by The Instruments Publishing Company, les. Los Angeles 34, Callt., Joke Fahey, 2007 S. Ue Clenge Sivd., Upton OO , 

Office of publications, 1600 North Main Street. New York 17, N. Y., Richard Rimbach, Jr., 525 Lexington Ave., Rm. 359, Murray Hill 8-0980 

Pontiac, THlinois. Executive and Editorial Of- Pittsburgh 12, Penna., C. F. Goldcamp, 845 Ridge Ave., Fairfax i016! 

ng _e, 7 ape ee SS, See Philadelphia 4, Pa., Robert V. Frey, Suite 100, 10! N. 33rd St., Evergreen 2-3878 

tiac, Tilinois. Copyright 1960 by Instruments San Francisco I1, Calif., Cherles Clark, 420 Market St., Douglas 2-3899 

Publishing Company, Inc St. Louis |, Mo., Steve Wright, Fred Wright Co., Room 416, 4 N. 8th St., Chestnut 1-1965 
iaaden, “. GC. 2 England, John C, N. Hughes, T. C. Scott & Son Ltd.. No. | Clement's laa, Hal- 

orn 4743, 





Page 4—Instruments & Control Systems—Vol. 34 





~Cleam-your 
Conia fape- 


with G IMI CG’s i 
NEW SOLVENT 
CLEANER 


Information stored on tape is not disturbed in any way. No drop-out, 
no distortion, no tape stretch. Head wear and damage is 
reduced by eliminating abrasive particles from tape surfaces. 


All you have to do is put the tape in place and fill the solvent tank. 
The new CMC Model A-7070 cleaner does the rest automatically 
and speedily — with all scrubbing action taking place below 

the solvent level. It effectively cleans magnetic tape up to 2” in 
width at rates to 300 feet per minute with complete safety. 
Cleaning is accomplished by counter-rotating velvet covered 
scrubbing rollers, effectively removing ferrous oxide 

particles, dirt, lint, oil, fingerprints and wax. 


COMPLETELY SELF-CONTAINED. No vacuum pump or outside 


sources of air are required. 


FLUID CUSHION PROTECTS TAPE. The fluid solvent forms a barrier 
between the scrubbing roller and tape to prevent scratches and 


brasions. Only velvet fibres lightly touch the film. : 
ates nly velvet fibres lightly touch fi If you have a tape cleaning problem, contact us and 


SPEED CONTROL. Operate at any speed from 0 to 300 feet per arrange to have a sample tape cleaned for your inspec- 
' - dem. , = tion. Contact your local CMC representative for complete 
minute with adjustable speed control. Automatic shut-off technical details, or write for 4-page brochure, please 


leaves unit threaded for continuous operation. address Dept. 551. 
COMPLETELY SAFE. Uses only non-inflammable, non-explosive 
solvents. Fumes controlled. Automatic shut-off in case of 7) 
si Computer 


defective splices. 
AUTOMATIC REWIND. Makes necessary torque adjustment as Measurements 


reel size increases. 


LOW COST OPERATION. Solvents are continuously filtered and A DIVISION OF PACIFIC INDUSTRIES, INC. 
reclaimed; waste held to minimum. One pint of solvent cleans 


3,000 feet of 1” tape. 12970 BRADLEY AVE., SYLMAR, CALIFORNIA 


PRICE. Model A-7070 $5,500 f.0.b. Sylmar, California. Phone: EMpire 7-2161 - 
CIRCLE 4 ON READER-SERVICE CARD 
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REMOTE INSTRUMENTATION & CONTROL 


LETTERS TO 
THE EDITOR 





Editor I&CS: 


We note on pages 1280 and 128) 
of your August 1960 edition, a list 
of variables which, according to your 
readers, could not satisfactorily be 
measured, 

Since our company deals specifical- 
ly with instruments for the measure- 
ment of gas and liquid flows, we were 
wondering whether it would be pos- 
sible for us to get a listing of the 
companies having these flow prob- 
lems, as a good portion of the vari- 
able flows you list would present no 
problem for our Rotameters. 


Jack Dannenberg 
Brooks Instrument Co., Inc. 
Lansdale, Penna. 
This letter will inform the men with 
the problems. 


Editor, 1&CS: 

| have read several recent copies 
of your magazine and feel that your 
reporting in this field is excellent. 
Coverage in the field of instrumenta- 
tion and control systems is certainly 
not sufficient in other magazines. 
Your publication fills an otherwise 
serious gap. 


Modern Design . 
10 Transmitters or Receivers 
and Power Supply in One Single Frame. 


The 2056 Series of Audio tones features modern design utilizing 
plug-in card construction and provides equipment at a very minimum in 
cost with a maximum number of channels in a given space. For example, 
10 AM transmitters or receivers and a common power supply are mounted 
in a single 31/ x 19” frame. Each channel is conveniently terminated with a 
terminal strip at the rear of the frame. Output relays are mounted on a 
firacket attached underneath the main chassis frame, each relay being located 

irectly under its respective channel. 


Leonard C. Stearns 

Data Evaluation Group 

Space Technology Laboratories 
Los Angeles, California 


The channel frequency determining components are also of the plug- 
in type and are mounted directly on the channel plug-in assembly in AM 
units, and adjacent to plug-in assemblies on FS units. This type of Toden, of 
course, keeps spare parts requirements to a minimum, since all plug-in cards 
are common to all frequencies. 

The 2056 Series of AM tones were designed to meet low speed tone 
signalling and control requirements when low noise lines and inherently 
low noise communication circuits as provided by microwave and voice car- 
rier equipments are available for transmission. 

The 2056 Series of FS tones are used when ultimate reliability and 
high speed keying is required. They can be used in circuits which are inher- 
ently noisy and which are subject to fading conditions. 

The FS tones are available with either TWO or THREE frequency 
outputs. The former being employed in normal signalling and control cir- 


Editor, I&CS: 


I have been receiving notices that 
my subscription to your publication 
was running out. I paid no attention 
since my records show that I mailed 
you my check. 

I am enclosing a second check for 
$4.00 to cover the year 1961. I cer- 
tainly do not want to miss any copies 
of your fine publication. 


Albert E. Miller 


cuits, whereas the latter is used in two-function single channel applications 


such as RAISE-OFF-LOWER, FORWARD-OFF-REVERSE. Petroleum Consultant 


Westfield, N. J. 





RFL REPRESENTATIVES: 


ILL., MINN., 1OWA, IND., WISC. 
W. L. Cunningham, Elmhurst, II! 
TEXAS, ARK., LA., OKLA. 
Datatrol Co., Dallas, Texas 
ALA., TENN., VA., N.C., S.C., GA. 
Dickerson Eng., Jacksonville, Fla. 
CALIFORNIA 
Luscombe Engr., Pasadena, Caiif. 


SEND FOR TECH. DATA — For additional information, 
including application data, write or phone 
DE 4-3100. Demonstrations available 

by local representatives. 


Editor, 1&CS: 


Enclosed please find a check for 
subscription to /nstruments and Con- 
trol Systems, plus the Handbook of 
Electrical Measurements. | am begin- 
ning to study instrumentation and 
your magazine was recommended as 
the best in the trade. 


Emanuel E. Echert 
Ottsville, Penna, 


ORE., WASH. 
Hawthorne Electronics, Seattle, Wash. 
CANADA 
Microwave Sys., Scarborough, Ont. 
FOREIGN 
Telesco International, New York 
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Editor, 1&CS: 

It’s been a long time since you 
heard from me, although you may 
have seen our recent ad in your new 
BUYERS GUIDE, which | think is 
the most logical place for any ad in 
the instrumentation field. 

Enclosed is our most recent report 
on STRAIN GAGE READINGS. in 
which you may be interested since 
after all you were in on the birth of 
our little journal almost three years 
ago. 

We're filling a very special need in 
the strain-gage field. 

Strain Gage Readings, 
Peter Stein, Editor 
5602 E. Monte Rosa 
Phoenix, Arizona 


Editor, 1&CS: 

You are continuing to do what | 
think is an outstanding editorial job 
in the field. 

W.W. Winters 
Automatic Timing & Controls 
King of Prussia, Pa. 


Editor 1&CS: 

There have been times in the past 
when I have wanted to compliment 
you, but I never took the time to ex- 
press my reasons for commendation. 
{t amounts to the following formula: 
Vew Idea + Excellent Editor = 
Progress. 

All Editors do not use this equa- 
tion in particular cases because (1) 
the idea or material is not understood 
so it is discarded. This may be fatal 
to progress because the idea may be 
lost due to lack of exposure and, if 
the originator lacks confidence and 
advertising funds, the idea dies. (2) 
The idea is introduced poorly and 
hence the Editor may not appreciate 
its true value; as a result, it too is 
discarded. (3) The idea conflicts with 
present practice or convention, or a 
large advertising account; conse- 
quently the Editor discards it because 
of lack of courage or vision. 

From my experience with I/CS you 
have knowledge, appreciation, cour- 
age, and vision which has contributed 
greatly to progress in our field. 

I am not a sentimental slob but I 
appreciate talent and character when 
I see it. 


T. Gizeski 
Chicago, Ill. 


We love sentimental slobs. Editors 
would have more courage if they 
knew their readers can sense their 


integrity. 


| 
| 
| 


| 
| 


RAMBLINGS ON 
INSTRUMENTATION | 


My Pilgrimage 
to Poopley 


POOPLEY-ON-SLOUGH, 
NUTTINGSHIRE, U.K. 


The sight from my window as I write, 
dear colleagues, is one to warm the 
cockles of any instrument-oriented 
heart. As you have already guessed 
from the dateline, yours truly is at one 
of the great shrines of Science, famous 
Poopley, where the first British Ther- 
mal Unit made its appearance some 
178 years ago. 


The tiny village is little changed ex- 
cept today, on the exact site where the 
Event took place, stands a modest mon- 
ument built from contributions of BTU 
buffs the world over. 

When the tram pulled into Poopley 
yesterday my first act was to ask a rus- 
tic villager where the Monument was. 
A proud light kindled in his eyes. 

‘Aye, mon, it’d beein’ oe’r there’n 
mought ‘nuff ’erg,’’ he told me, tugging 
his forelock. (Learned later the chap 
was game-keeper at the old Chatterley 
place.) I hurried off to find someone 
who spoke English. Eventually I found 
the Monument. 


There, flanked by fluted columns, 
was the Flame, the undying flame that 
heats the Calibrator, producing the 
standard British Thermal Units that 
are distributed by the thousands 
throughout the Free World. Before it, 
a smallish man with a walrus mustache 
was peering fixedly. Col. Gideon W. 
Belcher himself, Keeper of the Flame 
and walking encyclopedia of BTU lore! 

Reverently, the Colonel displayed 
the key to the entire operation, a Hays 
BTU Meter chronicling with rhythmic 
monotony the beautiful precision of the 
thermal units being generated in the 
Calibrator. The Colonel removed his 
Homburg and I followed suit. Bare- 
headed, we stood in the flickering light, 
watching the lovely, fluid movements 
of the recorder pen, its graceful Palmer- 
method scallops mirroring BTUs at the 
point of sheerest perfection. It was a 
moment for posterity. 

The Colonel blew his nose. ““Wizard 
device, that,’ he rumbled. “Linear rec- 
ord of flow, Delta T and BTU all on 
the same chart!” 

‘Plus integration of BTU’’, I 
breathed. 


THE HAYS CORPORATION 


“Quite. Remote flow transmitter. 
Resistance bulbs. Good show! Can’t 
afford less on this job, you know. If the 
BTU ever went to pot I shudder to 
think!”’ 

Later I listened raptly as the Colonel 
told of his harrowing experiences as 
Keeper of the!Flame; such as the night 
a gaggle of Scottish Nationalists made 
an abortive attempt to blow it out... 
that touchy time when a Russian sci- 
entist declared the superiority of Iron 
Curtain-type thermals. (The Colonel 
caned the bounder thoroughly and the 
lights burned late on Downing Street 
that night, I tell you.) 


TAAMMIT IKE 
~ 


Cui@eaTo ees 
WweLUT 


To Ewcapsucariow 


Sketched from life at Poopley, shrine 
of the British Thermal Unit. 


Well, twilight is descending on dear 
Poopley, chaps, and I haven’t even 
touched on the preparations going for- 
ward for the 178th Anniversary Cele- 
bration. May I only say you will be 
proud when you see the newsreels. 


Finances, unfortunately, are a 
thorny problem. I am sure none of you 
would want the Celebration to be less 
than a rouser. Need I remind you that, 
with each purchase of a Hays single- 
case BTU Meter, we make a substan- 
tial contribution in the purchaser’s 
name to the Committee for Everlasting 
Maintenance of the British Thermal 
Unit. 

So, dear colleagues, start the New 
Year selflessly. Buy a Hays BTU Me- 
ter, for yourself and a friend. Your gen- 
erosity will be gratefully acknowledged 
by Col. Belcher himself. 


AS 


President 


MICHIGAN CITY, INDIANA 
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ANNOUNCING. ...WESTON 
RECORDER-CONTROLLER 

WITH ECONOMY NEVER 
BEFORE AVAILABLE! 


New Weston Recorder-Controller with electrical control is 
available with following control modes: 
* PROPORTIONAL CONTROL covering a range of 1 to 100% 
proportional band with manual reset 
CONTACT SWITCHING for two and three position control and 
adjustable differential gap 
* ALARM SIGNALING where attention of personnel is required 
For sheer economy, the new instrument is unexcelled. The 
proportional controller combines the simplicity of mechanical 
instruments with electrical control advantages previously limited 
to potentiometric instruments . . . at half the price! Initial cost 
and maintenance are much lower than with pneumatic 
type controllers. 
You can use the proportional controller with a variety of liquid- 
and mercury-filled temperature systems. Contact and alarm controllers 
operate with all types of temperature and pressure actuations. 
The electrical portion of the instrument is based on solid state 
devices and printed circuits for utmost reliability. No external control 
relays needed! Control units may be removed without interfering 
with recording activities. Contact and alarm controllers are designed 
to resist vibration. Temperature ranges are from —100F to +1000F. 
Pressure ranges for the on-off and alarm versions are from 30” 
vacuum to 10,000 psi. 
Contact your Weston representative for detailed information, or 
write for technical information on the Weston Model 7813. 
Daystrom, Incorporated, Weston Instruments Division, 
Newark 12, New Jersey. 
International Sales Division, 100 Empire St., Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ontario. 











gS 
18 
g 























Recorder-Controller uses a 12” chart; has a 4.75” pen 
travel, rugged bridge-type pen arm suspension. Large 
bucket pen standard. 

Supply: 115 volts, 50 or 60 cycle for instrument; 115 or 
230 volts, 50-60 cycle for external control motor. 


Model 7813 Proportional Controller 
Available: With any mercury or liquid filled thermal system. 


Contact Controller 


Available: Any combination of two control units (2 or 3 
position or differential gap) with all temperature and 
pressure actuations. 


Alarm Contacts 


Available: 1, 2 or 3 alarm points for most temperature and 
pressure recorders and controllers. 





mt, 
DAYSTROM.,, incorrorateDd 


WESTON INSTRUMENTS DIVISION 
. pee Reliability by.“ Design 
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LETTERS TO NOW...AN INDUSTRY FIRST FROM FAIRCHILD 


er" A REVOLUTIONARY 





Editor, I&CS: 


Please accept our sincerest thanks | 
for the wonderful presentation of the | 
article “Manual Timing Techniques.” _| 


It is really a beautiful job. 

We already have ordered a reprint 
of 10,000. Heuer /Switzerland intends 
to have the article translated in sev- 
eral languages for advertising pur- 
poses by their foreign Heuer distrib- 
utors. 

Gaston G. Wiley 
Heuer Timer Corporation 


New York, N. Y. 


Editor, 1&CS: 


I was asked what magazine I think 
is the best all-round instrument maga- 
zine. Having been a subscriber to Jn- 
struments for 12 years, that was an 
easy one to answer. 


W. E. Bostwick 
Lawrence Radiation Lab. 
Livermore, Calif. 


Editor, 1&A: 


Do you expect to obtain superior 
men by screaming shortage? I realize 
that, having avoided the truth this 
long, it would be hard to change, but 
how can you really claim a “short- 
age” when “engineers” do detail work 
at long rows of benches or desks? 

Of course it would make the em- 
ployment offices and the offices and 
the colleges unhappy if you told the 
truth because they want large num- 
bers. But the truth remains that there 
are so many “engineers” now that the 
measure of success is the ability to 
fight up through the mob, not engi- 
neering, or executive ability. 

The men that could be the engi- 
neers and scientists of which you 
dream are also the ones who can do 
well in other fields. Now, after some 
experience, they go into sales or small 
industry. Their abilities are not ap- 
plied to the great problems of our 
times, but to the economically prof- 
itable little things that will earn them 
a respectable living. 


John M. Graham, P. FE. 
Graham & Associates 


Bellwood, IIl. 
See the editorial on page 61 


WITH OV. D-C OUTPUT 


TRIPLE 





Sovio-State Strain Gauge TRANSDUCER 


OTHERS MAY HAVE PROMISED IT... STILL OTHERS MIGHT 
HAVE HINTED THEY'RE ON THE VERGE OF GETTING IT... BUT ONLY 
FAIRCHILD HAS IT!... THE INDUSTRY'S FIRST 3S-G 


The Fairchild 3S-G combines the best overall characteristics of both 
strain gauge and pot-type transducers, has none of their inadequacies. 
It has a semiconductor strain-gauge sensor. It possesses extraordinary 
accuracy and environmental capabilities. It produces a 5-volt d-c output 
signal that eliminates the need for impedance-matching or signal ampli- 
fication. In its utter simplicity (only two mechanically-functioning parts) 
it is extremely reliable. It also incorporates a resistive calibration device. 


The Fairchild 3S-G is responsive to both static and high-frequency dy- 
namic pressures. It is fully compatible with existing military ground 
telemetry and industrial systems. It is competitively priced, measures 
all media and is insensitive to case distortions. 


The Fairchild 3S-G is only 3” long, 11/,” diam., and weighs only 5 ounces. 
It meets and exceeds MIL-E-5272B. Pressure ranges from 0-100 to 
0-10,000 psig full scale now available, below 100 psig will be available 
soon. Better than +0.1%% linearity and 0.1%» hysteresis over temperature 
range of —65 to +250°F. Both zero and full range sensitivity change less 
than 0.5% over any 100°F excursion within the rated temp. range. It 
has infinite resolution. 


Fairchild components .. . built and tested beyond the specs for Reliability in Performance. 


fAIRCHILD S288 .0n 
225 Park Ave., Hicksville, L. |., N.Y. * 6111 E. Washington Bivd., Los Angeles, Col. = 
A Subsidiary of Fairchild Camera and instrument Corporation {/ ACCELEROMETERS 


TRANSDUCERS 
RATE GYROS 
POTENTIOMETERS 
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NUMBER 9—INSTRUMENT SERIES 


Reliability a Reality 
With Bourns Transducers 


In program after program... firing after firing...Bourns the most important missile and aircraft programs of our time. 


transducers are surviving the most brutal environmental pun- For engineering that combines design skill with success... 
ishment ever inflicted on sensitive instruments. Their ability promise with performance...contact Bourns, the pioneer in 
to provide precise indication of position, pressure or accelera- precision transducers. 

tion under any conditions has contributed to the success of 


Pioneers in transducers for position, pressure and acceleration. Exclusive manufacturers of Trimpot®, Trimit® and E-Z-Trim®. 
CIRCLE 9 ON READER-SERVICE CARD 
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HOKE REPORTS ON FLUID CONTROL 





WE'VE TOSSED A NEW BALL INTO AN OLD GAME 





Do You Have A 
Bomb In Your Lab? 


In the process industry, sampling 
cylinders are occasionally referred 
to as bombs. In recent months, this 
misnomer has been, unhappily, 
pretty close to the truth. Some mili- 
tary surplus, low carbon steel, two- 
piece cylinders have found their way 
into industry and have been used 
beyond their rather limited capabili- 
ties. Unfortunately, several serious 
accidents have spotlighted this use 
as a very real safety problem. 


Since sampling is such a serious 
business, we have perfected, for 
maximum safety, a seamless, one- 
piece cylinder. This unabashed dec- 
laration of excellence has sound 


basis in fact — the entire cylinder is 
formed from a single piece of seam- 
less type 304 stainless steel tube. To 
quell the qualms of process men, 
sample contamination is practically 
nonexistent, and the cylinder resists 
destruction from most corrosives. 


As a further safety guarantee, all 
standard sampling cylinders are 
fabricated to meet ICC and other 
safety regulations. Standard cylin- 
ders are available at pressures to 
1800 psi (10 ml. to 1 gallon), but 
higher pressure cylinders can be had 
on special order. 


If you’d like additional information 
on Hoke cylinders, plus a detailed 
paper on the various methods of 
collecting samples from process 
lines, drop us a line. We’ll also 
include details on special cylinder 
valves, outage tubes and other 
cylinder accessories, 


The technique of molding 
polyvinyl chloride into ball 
valve parts is old hat. Even the 
unplasticized compounds of 
type I PVC have been kicked 
around for a while (with minor 
successes). But until now, no 
one has booted the ball for 
a goal. 


Perseverance, determination, 

and the pursuit of economic 
reward have prompted us to 

offer a line of ball valves 
molded of the toughest grade 

of type I, unplasticized PVC. 

There are no foreign agents to 
contribute to a corrosive demise, even 
in most caustic services. It even meets 
the proposed new ASTM specification 
and has a tensile strength of 8500 psi. 
Those who have had PVC piping 
problems will profit from the new 
molding process that gives these 
Hokes dimensional stability and very 
high impact strength. Sensitive 
systems, human and otherwise, are 
safe from contamination — they’re ab- 
solutely non-toxic. We’ve set 140°F. 
as the operating temperature limit, 
but occasional excursions to 160°F. 
won't do any harm. 


All standard models are supplied with 
a concentric hole drilled thru the ball. 
They can be heat welded, or solvent 
bonded right in the line. Piping hook- 
up is even simplified by their coupling- 
like assembly. Your assistant can fit 
each half of the valve to a pipe end, 
then reassemble the valve without 
having to turn the pipe. Pressures to 
125 psi are duck soup for these valves. 


A maintenance man’s delight, they 
can be cleaned and have their seats 
changed without leaving the pipe. 
Their light weight makes them ideal 
for use on long, unsupported spans 


of pipe. 


Size-wise, we’re offering them in '4, 
%, 1, 114, 2, and 3 inch sizes, all NPT 
female connections. 


You will command the eternal admi- 
ration of your colleagues when you 
install these valves. Be the first to 
show your rightful status by ordering 
a shiny new Hoke polyvinyl chloride 
ball valve. If pride of ownership 
hasn’t motivated you at this point, 
the mere fact that you are behind the 
scientific times should move you to 
find out more. 


It isn’t necessary to tell us why you 
want the additional information. 
Just check the coupon below. We'll 
forward the facts in a plain, brown 
envelope. 





FREE! A STEADY 
FLOW OF FACTS! 


Further flow features, and inter- 
esting technical topics are care- 
fully covered in Hoke’s technical 
publication, the FLOW SHEET. 
It’s free, but worth millions! To 
get the full benefit of our engi- 
neering and editorial efforts six 
times a year, mark your “X” in 
the proper box. 











Hoke’s Performance Guarantee — Every Valve Leak-Tested! 


HOKE, INCORPORATED 


31 Piermont Road, Cresskill, N. J. 
Send me complete information on the Hoke products checked below: 





TITLE 





( PVC Ball Valves NAME 


©€) Sampling 
Cylinders COMPANY 





C) Flow Sheet 





D0 Hoe Corrosion Slide ADDRESS 


Complete Catalog 
3 Geass. r CITY 
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The Honeywell Control Valve (foreground) 
regulates flow of Bunker C fuel oil 

burner in a chemical process drying 
system. In the background, a Honeywell 
diaphragm actuator operates a damper 

for control of hot air return. Nothing 
spectacular going on here, but the 

results of the entire process could well 
depend on these valves. 


The final results—the payoff of the 
process—are dependent not just on how 
well these valves are made, not just on 
their capacity or sensitivity, but on all of 
these things combined . . . plus the process 
control knowledge that first put 

them to work, and the know-how that 
keeps them on the job. 


Here, as in all Honeywell Control 

Valve applications, every aspect of valve 
performance has been considered in 
relation to the overall control 

system. It is this ‘“‘whole picture”’ approach 
that sets Honeywell Control Valves 

apart, and rewards you with better 
processing. 


Write today for your copy of our checklist, 
“25 Ways to Be Right”. . . in 
selecting control valves. 


MINNEAPOLIS-HONEYWELL, Fort 
Washington, Pa. 


HONEYWELL INTERNATIONAL 

Sales and Service offices in all principal cities of 
the world. Manufacturing in United States, 
United Kingdom, Canada, Netherlands, 
Germany, France, Japan. 


Photographed at Davison Chemical Company, 
a division of W. R. Grace & Company. 


Honeywell | 
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...OMNICORDER 


A PRECISE MINIATURE INKLESS RECORDER 


™ INEXPENSIVE ® REPLACES METERS OR INDICATORS * PANEL OR BULKHEAD MOUNTED 
" BUILT-IN VARIABLE CHART SPEED * JUST 334" X 334" X 3” = RECORDS ANY VARIABLE 


For complete information 
on this rugged, 
maintenance-free 
Omnicorder, 

write for Catalog 3057. 


Now you can take advantage of a new, economical means of recording any 
variable that can be converted to an electrical signal. Thanks to Omnicorder, you 
need no longer rely on meters or indicators, even where cost factors 

or space restrictions would ordinarily dictate the use of these instruments. 


Measuring just 334” x 334” x 3”, Edison’s Omnicorder, a unique circular chart 
recorder, is so compact that nine units occupy just one square foot of space. 
Thoroughly legible, yet requiring no ink, pen or ribbon, Omnicorder is equipped 
with a simple three-speed chart adjustment. It provides a choice 

of these sequences: one hour, seven hours and thirty hours per 

revolution—or one day, seven days and thirty days per revolution. 


Omnicorder’s simple, inexpensive construction assures dependable operation and 

a long, maintenance-free life. Four types of meter movements are available to 
measure a wide range of AC and DC electrical quantities, ranging from thermocouple 
outputs to currents as high as 600 amperes with accessory current transformers. 

No amplification is eyer required, even for signals as low as 10 microamps, 


Stylus operates through this slot. 
The measuring system is sealed off 
from any careless tampering. 


-_ 
3 


a 


EDISON 


Lens 


Zero Set Screw: Adjustment 

is made when measuring system is 
not printing and when the 

circuit to be recorded is disconnected. 





Thomas A. Edison Industries 
INSTRUMENT DIVISION 


41 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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TYPE 46 SERIES 
(pneumatic) 
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1/693 EMF/CURRENT 
CONVERTER 








1/693 EMF/CURRENT 
CONVERTER 





CONSTANT 
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CONVEYOR BELT 
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Laid TACHOMETER 





LOAO CELL 
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WEIGHT RATE COMPUTATION 


Gives operator continuous recording 
of actual weight of materials being 
conveyed by belt. For example, T/66D 
calculates actual 
weight-rate from load cell and belt 
speed measurements. 


Multiplier - Divider 











ee 


Analog Computing Systems 
of process mathematics 


eee 


both pneumatic and electronic units available 


Analog computing systems have been known _Instantaneous calculation. .. with records to prove 


and used for years. Yet their potential for increas- 
ing process efficiency has hardly been scratched. 

Just look what they can do! Continuous cal- 
culation of all the arithmetic functions: addition, 
subtraction, multiplication, division, square root 
extraction — in any combination. And all done 
automatically by a single packaged system. 

And look how it simplifies the operator’s job. 


it. No slide rules, no interpolation, no planimeters 
— and most important — no mistakes. 

Because Foxboro Analog Computer Systems are 
relatively low-cost ($2500-5000 average) you can 
“spot” them about your plant for maximum effi- 
ciency. Or, they can be grouped together at a 
central location to solve more complicated equa- 
tions. Pneumatic and electronic systems available. 


CALCULATIONS MADE WITH FOXBORO ANALOG COMPUTING SYSTEMS 





Fs = Qx(p-1)xK BTU=aT x Qu K 
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GAS FLOW COMPUTATION 


In common use in the Gas Industry to 
compensate gas flow readings for 
changes in line temperature and static 
pressure. In the pneumatic system 
shown here, the Foxboro 1/46 Multi- 
plier-Divider and the Square Root 
Extractor allow operator to read cor- 
rected flow directly. 


MASS FLOW COMPUTATION BTU COMPUTATION 


Calculates dry weight of a slurry fiow- Determines actual amount of heat 
ing through a pipeline. In this elec- being introduced to, or removed from, 
tronic system, flow rate and density a process. Electronic system shown 
measurement are multiplied together uses a Foxboro T/66D Multiplier-Divid- 
with a Foxboro T/66D-1 Multiplier. er to produce a signal equal to prod- 
Operator can then read flow directly in uct of flow and temperature differ- 
Dry-Tons-Per-Minute. ence. Operator reads directly in Btu's. 


. ie. ONT atlas annem heelys gee so 


The Foxboro Company, 461 Norfolk St. 
Foxboro, Mass. 


WHAT CALCULATIONS WOULD 
YOU LIKE TO AUTOMATE? > 


| have a process computation | should like to automate. Can a Foxboro Analog 
Computing System do it for me? 


My process is 
| want to compute 


FOXBORO =. 


REG. U. 8. PAT. OFF. Company 


City 
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Sensitive Research Instrument Corporation, manufacturers and designers of electrical instruments since 
1927, welcomes the Precision Measurements Association to this issue of I & C S. The Journal of the PMA, 


a) 
with its news of accomplishments and developments in the field of high accuracy measurements, is certain 
to be a most welcome addition to the monthly reading of standards engineers everywhere. The beneficial 
influence of the PMA as a National Organization is eagerly looked forward to by all who appreciate the 
importance of standardization as a means to improved product performance and reliability. 


The entire facilities of Sensitive Research and those of its associate, Guildline Instruments, Ltd., are de- 
voted to the manufacture of precision electrical measuring standards. Electrical indicating instruments, 
test consoles, potentiometers and related equipment as listed below are used in major calibration centers 
throughout the world. 


AC-DC Calibration Consoles 
DC Measuring Potentiometers 
AC Measuring Potentiometers 
Volt Ratio Boxes 
Galvanometers 
4 Terminal Standard Resistors and Shunts 
Constant Temperature Standard Cell 
Enclosures 
Standard Cells 
Direct Reading Thermometer Bridge 
Piatinum Resistance Thermometers 
Cable Fault Finder 
Smith Bridge 
Stendard Inductors 
Photocell Amplifier 
Frequency Selective Amplifier 
Low-Thermal Choppers 
Low-Thermal Switches ' MODEL LTC 
RF Voltmeters and Ammeters AC-DC Calibration 
VTVM Calibrator Console 
MODEL N AC-DC Single and Polyphase Wattmeters 
AC and DC AC-DC Self-checking Volt-Amp-Milliammeters 
Portables AC-DC Electrostatic Voltmeters 
AC-DC Polyrangers 
AC-DC Thermocouple Instruments 
Potentiometer Voltmeters 
Zero Resistance Microammeters 
Current Product Instruments 
Magnetic Testing Instruments 
TYPE EW ys tail acaaamae 
Edgewise 
Panel Instrument Frequency Meters 
Ratio Meters 
Form Factor and Power Factor Meters 
DC Voltage Standard 
Low Distortion AC Power Supply 
Scale Drawing Machine 
AC-DC Panel Instruments 
AC-DC Portable Voltmeters and Ammeters 
Vacuum Thermocouples 








MODEL THACH VISIT US AT N.Y. IRE 
Self-Checkin 
AC-DC Volt-Amp-Milliammeter BOOTHS 3409 - 3411 


SENSITIVE RESEARCH INSTRUMENT CORPORATION 


NEW ROCHELLE, N.Y. ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
CIRCLE 335 ON READER-SERVICE CARD 
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The “COMMANDER” instruments described below have a 5-year 
accuracy guarantee. By using NBS or NRC reported values, total 
cumulative errors for a complete measurement system can be as low 


as +.002%. 


DAUPHINEE POTENTIOMETER TYPE 9144 
ACCURACY +.001% 
A new 6-figure DC vernier potentiometer with a total 
measuring range of 2.101010V. Accuracy is at least 10 x that 
of similar commercially available equipment. Direct readout on 
4 dials in increments of .1 uv (no slidewire). Thermal emf's less 
than .1 uv. Switch controlled ranges of x 1 & x .1. Contains 2 








saturated standard cells in an internally thermostated enclosure. 
Completely ‘'Self-Checking.’’ May be used with equal facility and 
accuracy as a Saturated Standard Cell or Resistance Comparator 
— ond for the calibration of .01% accurate potentiometers. 


The Type 9144 is an original design by Dr. T. M. Dauphinee 
of the National Reseorch Council in Canada. All rights are 
protected by a United States potent application. 


VOLT RATIO BOX TYPE 9700 

ACCURACY +.005% 
A volt ratio box similar to that used by the National Bureau of 
Standards os described by NBS Research Paper RP 1419. Self- 
heating and surface leakage negligible. Ranges: .15/.3/.45/.6/ 
75/1.5/3/4.5/6/7.5/15/30/45/60/75/150/300/450 / 
600/750 V. (Type 9700A includes 1500 V. range). Furnished in 
a thermostated oil bath with a motor-driven impeller, 


CONSTANT TEMPERATURE STANDARD CELL ENCLO- 
SURE TYPE 9152 AND SATURATED STANDARD CELL 


TYPE 4305 

ACCURACY +.001% 
Enclosure accommodates up to 4 cells and is air thermostated at 
28C° + .01°C. Transistorized Operates on |10V/60 
cps (Battery standby). Type 9152A holds twelve cells. 


circuit. 


—_——— 


THE TYPE 5214 GALVANCAITER ATPiER AND 
TYPE SR21 LIGHT SPOT GALVANOMETF® 


The amplifier operates on the differential photocell principle in 
conjunction with a liquid-filled primary galvanometer. The sec- 
ondary galvanometer has a scale length of 120-0-120 mm and 
is stable and free from the effects of external vibration, Over-all 
sensitivity is approximately 350,000 mm/o and 35,000 mm / pv. 
It is ideally suited for use with the type 9144 potentiometer. 


Sensitive Research “COMMANDER” Instruments are manufac- 
tured by Guildline Instruments, Ltd. (formerly Tinsley Instruments 


(Canada) Ltd.) 


SENSITIVE RESEARCH INSTRUMENT CORPORATION 


NEW ROCHELLE, N, Y. 


ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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NEWS 





Strain-Gage Potentiometer 
Eliminates Slidewire 
NEW YORK, N. Y.—A new industrial process potenti- 


ometer called the ElectroniK 17 and incorporating an 
extremely accurate, trouble-free electro-mechanical strain 
gage as the rebalancing element, is expected to “open up a 
new era in precision measurement and recording.” 


STRANDUCER rebalancing element. 

In eliminating the conventional slidewire, long an 
objective of instrumentation engineers, infinite resolution 
is achieved for the first time in a potentiometer. No longer 
is the number of points at which a potentiometer can 
come to balance limited to the turns (convolutions) on a 
slidewire. As the “heart” of the ElectroniK 17, the Stran- 
ducer varies the output potential of the measuring circuit 
to balance the input signal from the process variable. 
Four prestressed looped wire strands enclosed in an I- 
shape frame form the variable resistance legs of the 
measuring circuit. 


Amplifier 


e- (Tere) e- Bridge 


Thermocouple - 


< e % ’ ; 
‘ 


' 
' 
: Motor 


Stronducer 





| Constant Voltage 
Unit 














STRANDUCER self-balancing potentiometer. 


At zero position, the wires, fastened to the pivot arm 
of the Stranducer, are in equal tension and are of equal 
resistance. The pivot arm, as it rocks back and forth, in- 
creases tension on two of the wires and decreases it on 
the other two wires. It is linked mechanically through 
sector and strap reduction stages and the drive cable to 
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the balancing motor. Calibrated accuracy is %%. Strip- 
chart instruments have pen speeds of 1, 5 and 15 seconds. 
Those for civcular chart instruments are 5 and 15 seconds. 
..« (From Specifications $172-1 & 2, S173-1 & 2, S176-1 
& 2, Minneapolis-Honeywell Regulator Co., Wayne & 
Windrim Aves., Phila. 44, Pa.) 

FOR THIS LITERATURE CIRCLE 165 ON READER-SERVICE CARD 


DURANT MFG. CO. has supplied the electric counters, 
installed in the main control room of the generating plant 
of Florida Power Corp., which record the opening and 
closing of the circuit breakers on the main generators. 





They enable the operators to determine from a central 
location, how many times during a given period the vari- 
ous overload circuits have been thrown in, automatically. 
(Durant Mfg. Co., 1914 N. Buffirm St., Milwaukee 1, 
Wis.) 


IBM has created a new data processing systems engineer- 
ing organization with an initial force of more than 1000 
specialists who will “assure the best systems for all IBM 
machine users and develop breakthroughs along a wide 
front in the solution of advanced management and scien- 
tific problems.” The titles in this group (“systems engi- 
neer—process control; s.e.—scientific; s-e.— banking”’) 
reflect the finely-combed skills. In addition, a supporting 
educational program was announced: The recently-opened 
IBM Systems Research Institute provides graduate-level 
studies for systems engineers working in specialized fields. 


BURROUGHS CORP. new algebraic compiler, a high- 
speed automatic programming system, using ALGOL, the 
new international Algorithmic Language, cuts the time 
required to program a Burroughs 220 electronic computer 
by as much as 80%. (Burroughs Corp., Equipment and 
Systems Div., Detroit 32, Mich.) 
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DATEX CORP. has de- 
signed and built an 80-point 
data logging system for the 
Detroit Arsenal which will 
sequentially scan, measure, 
and record 80 variables at 
the rate of one variable per 
punch, with the tape punch 
code being suitable for Data- 
tron computer input. (Datex 
Corp., 1307 So. Myrtle Ave., 
Monrovia, Calif.) 





TO THE ENGINEER 


who can’t tolerate a lapse of memory 


If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption. 


Besides, it can do the work normally assigned 
to whole banks of relays. 


The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro- 
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps 


per cam. And each cam will actuate as many 
as six contact springs. 


In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems. 


To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1698-H: Rotary Stepping Switches; Circular 
1702-E: Relays for Industry; and our new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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New Standards Laboratories 


HEMPSTEAD. N. Y.—PHYSICS RESEARCH LABO.- 
RATORIES, Hempstead, N. Y.. founded in 1952 as a 


consulting service to several fields of applied physics and 


instrumentation, (also American representative to C. P. 
Goerz, Otto Wolff, and other instrument firms of Europe) 
has opened its laboratory facilities on a commercial basis. 
Industry now has available another primary standards 
electrical testing and calibration facility, using standards 
and basic measuring instruments traceable to the NBS. 


Another “primary standards” laboratory has been 
opened in Northern California. The laboratory com- 
prises a completely equipped calibration center for 
electrical and electronic instruments used in production 
and research, says Jay Dobrin, president, Western Scien- 
tific Instrument Company, 2431 Spring St.. Redwood 
City, Calif. 
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NATIONAL BUREAU OF STANDARDS, and Colo- 
rado University recently held the 1960 Cryogenic Engi- 
neering Conference with more than 750 scientists and 
engineers from industry. government, and universities 
attending. 


ISA has issued five new Tentative Recommended Prac 
tices covering dynamic response testing: electrical instal- 
lations in hazardous atmospheres, and orifice plates. 


ASA has issued a new American Standard, Frenquencies 
for Acoustical Measurements, $1.6-1959 which refers all 
frequency-series to a single reference frequency. Eleven 
preferred frequencies are cited from 1 to 16.000 cps. 
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Infrared Thermometry School 


CHICAGO, ILL.—First of its kind in the country, an 
Infrared Thermometry school for industrial instrumenta- 
tion personnel has been established by Radiation Elec- 
tronics Company, Chicago 48, Ill. Thirty students from 
many different industries attended the opening laboratory 


and lecture sessions on Nov. 15. The two-day course is 
conducted by Herbert L. Berman and Dr. Arthur E. 
Goldberg of Radiation Electronics Co., a division of 
Comptometer Corporation, leading producer of infrared 
components, instruments, and systems. Lectures cover 
principles and applications of infrared sources, infrared 
sensing devices, optical materials, radiation thermometers, 
and remote temperature measurement and control. Labo- 
ratory sessions are devoted to: emissivity, glass and flame 
temperatures, thermal scanning, and temperature control. 
Courses are scheduled at monthly intervals. The next 
two courses are scheduled for Jan. 10-11, and Feb. 13-14. 
Inquiries should be addressed to: R. Van Scoyoe, Radia- 
tion Electronics Co., 5600 Jarvis Ave., Chicago 48, Ill. 
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INDUSTRIAL ACOUSTICS CO. has started a new 
service to lease noise control equipment such as sound- 
proof rooms, anechoic chambers, jet aircraft ground 
run-up silencers. ete. 


CLEVELAND INSTITUTE OF ELECTRONICS is 
giving a new master course in electronics for established 
technicians who desire training in the more important 
specialized applications of electronics. 


AEROTEST LABS has opened a new gas dynamics 
test facility at its Deer Park, L. I.. N. Y. location. 


LITTON INDUSTRIES’ Space Research Lab and the 
Airforce Office of Scientific Research have announced 
development of a device, called an~ “electromagnetic 
plasma accelerator,” whereby hot, ionized gases can be 
propelled at speeds exceeding 250.000 miles/hr. This 
device will pave the way for development of advanced 
space propulsion systems. 


LING ELECTRONICS, a division of Ling-Altec Elec- 
tronics, Inc., has started a series of courses on vibration 
testing at their plant in Anaheim, Calif., which cover 
sine-wave-, complex-sine-, and random-vibration. The 
course will be repeated monthly. 





ifPANEL SPACE 
or 
1 PORTABILITY 


ey is your probiem... 


EZ 
, 


The Westronics Miniature 
MULTIPOINT Recorder 
Model M5A.is your perfect 
solution. 


The panel space occupied 
by the Westronics Miniature 
MULTIPOINT Recorder is 
only 8¥% x 9% inches, or 
only 25% of the panel space 
required by most large case 
recorders. 


The Westronics Miniature 
MULTIPOINT Recorder 
scans and measures 2 to 12 
different input sources at the 
rate of 5 seconds per point. 


RO ag ee RQ Rn ge SE en a Rp OR Min ee 


Westronics manufactures a 
complete line of miniature 
and full size recorders with 
more optional features than 
any other manufacturer. 





i~ 





: 
| 
| 








lB 











STANDARD UNITS AVAILABLE FROM STOCK. SPECIFICATIONS UPON REQUEST. 


westronics, inc. 


TWX FT 8248 U * 3605 McCART STREET ° FORT WORTH, TEXAS 
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You must know BOTH" 
to get maximum combustion efficiency! 


How much money is going up the flue in 
unburned fuel losses? Is too much air result- 
ing in excessive heat losses? 

You must know both facts—simultaneously 
—to get optimum combustion. No instrument 
that measures only one of these interdepend- 
ent factors can give you the full information 
you need. 

Bailey offers a choice of two direct ways 
to maintain a continuous and simultaneous 
double check on these factors that determine 
combustion efficiency. The portable, light- 
ee . Keycess Mae weight Bailey HEAT PRovER Analyzer indi- 
> * UNBURNED AIR cates both; the Bailey Oxygen-Combustibles 
‘ Analyzer-Recorder records both on a single 


GAS aa i Loss . 
LOSS ‘ - | chart. Both instruments measure excess air, 


ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


ey regardless of fuel or fuels being burned, and 
4 ech x, — per cent of combustibles in flue gas. 

‘ Either of these Bailey instruments can save 
you far more than their cost in spotlighting 
combustion inefficiencies. Ask your Bailey 
engineer or write for product specifications. 


2 DIRECT WAYS 
to measure both combustibles 
and oxygen simultaneously 


PORTABLE INDICATOR — Self-contained, 
lightweight, Bailey HEAT PRoveR Analyzer 
enables quick, easy check on combustion con- 
ditions. Dual range dials for greater accuracy 
and readability. 


PERMANENT RECORDER — Bailey Oxygen- 
Combustibles Analyzer-Recorder coordinates 
both records on one chart... is designed for 
permanent installation... helps maintain 
optimum ratio continuously. 


* Unburned gas loss and excess air loss, 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD « CLEVELAND 10, OHIO 
in Canada—Balley Meter Company Limited, Montreal 
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100 MILLION OPERATIONS! 


ELE Ce 





new ASCO solenoid has virtually unlimited life... 


outstanding economy 


In this case “unlimited life” is a simple statement of fact. 
ASCO’s new solenoid is manufactured to such precise tolerances 
(+0.0005”) that wear is virtually non-existent. In ordinary 
solenoids, the plunger rides loosely in the sleeve—inviting wear. 
But in ASCO’s long-life solenoid, the plunger is guided by a 
machine tool bearing that assures accurate stroking and reduces 
friction to an absolute minimum. 

Because this solenoid was engineered with quality as the 
prime consideration, its initial cost is higher. However, it is 
in fact the most economical solenoid you can buy because, once 
installed, it can practically be forgotten. This solenoid will still 
be functioning 100 million operations later—long after standard 
types have been replaced—and replaced—and replaced. For addi- 
tional information, contact your ASCO engineer or write for 
Catalog 57-S5. 


PULL IN POUNDS 


vs v2 
STROKE IN INCHES 


ASCO Electromagnetic Control 


Automatic Switth Co. 52. HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES « SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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DC pull type 
solenoid, 
continuous 
duty—125 volts. 
Curve is based 
on vertical 
operation 


against gravity. 
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| | STOCK 
Select from OT SP REPORT 


3,500 different [IR 
SOLENOI D sien tansegnuatane taadlicen a 
VALVES fron 


V7.) Hose) | a 


‘ 


/4 





Series SV-54 (3 way-4 way) gen 
eral purpose solenoid valves for 


air, oi] and water. Rugged con 





Cinn. Milling Machine 
truction, yet inexpensive Clevite 
" Columbia Broadcasting Sys. 
Mult y CVC ) Pressure Consol. Electronics 
. ot nee Corning Glase 
ratings up to 150 psi. Nylon part onsen hes mg 
: a nie Daystrom 
Infinite : . Douglas Aircraft 
Eastman Kodak 


istS as Baton Mfg. 

| Blectric Auto-Lite 
Elgin watch 
Bmerson Electric 
Engelhard Industries 
Pood Mach. & Chen. 
Garrett 
General Controls 
General ce 
General Electric 


P Gen. Railway Signal 
vo Series -SV-61 (2 way) Nylon body Gen. Tel. & Elect. 
, General Time 

is ideal for general pur General Tire & Rubber 
ad F International Bus. Mach. 
pose and OEM installations International Resistance 

Ingternat'l. Tel. & Tel. 
here millions of operating cy | I-f-E Circuit Breaker 
: Lear Inc 


f ; seat Litton Industries 
Ny n seat and Lockheed Aircraft 
NOVOX 


threads outlast steel, yet 
ss. Non-Corrosive, shock 
resistant, proof-pressure 


Acme 
Mational Cash Register 
Beptune Meter 
North American Aviation 
Borthrop Aircraft 
Otis Elevator 


Raytheon Mfg. 
Reliance Electric 
Rheem Mfg. 
Robertshaw Fulton 
Royal Mc Bee 
Sangamo Electric 


Series SV-5100 Specifically de Siegler Corp. 
signed to handle the most cor 
Standard Kolleman 


media in industry. Man Starrett (1.8.) 
: VC _ ys 
actured | bile) V > autogra| 
ufactured in Teflon, PVC and ny =A 
Nylon varieties. Diaphragm con mate 
struction prevents media con caien eumaan cue. 
United Shoe Machi 
with any metal Available \ * caotaa a 
‘ ' Wallace & Tiernan 
direct-acting or piloted Western Union 
Westinghouse Air Brake 
Westinghouse Electric 
Worthington Corp. 


These prices and price ranges are given as printed in the Well Street Journal. 


FREE...new 16 page brochure 
—lists over 500 corrosive 


| / C0, 1} media—coded for correct valve rae See See 
selection. | PRICE RANGE 1960 THRU DECEMBER 15, 1960 


- SOLENOID VALVES For complete information on 
+ 
these or other models, write sobiiiiisiinin 
or call: Barry Wright Corp. 


VALCOR ENGINEERING CORP, =a: 


5366 Carnegie Ave., Kenilworth, N. J. ciacy sore. 
CHestnut 5-1665 Sresise Boe. of ser 
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® Our experience of over 50 years .. . the 
skill of our master craftsmen . . . comple- 
ment perfectly the new forward-looking, 
creative work of our engineering staff. The 
result? Modern graphic recording instru- 
ments unequaled in design as well as work- 
manship and material. 

We’re continuously developing new in- 
strument designs and applications. All are 
carefully built and tested to assure trouble- 
free performance under even the most 
severe operating conditions. That’s why 
Esterline-Angus recording instruments offer 
you the highest reliability rating in the in- 


dustry. Many of our very first instruments 
are still functioning accurately. Ten, twenty, 
thirty years of dependable operation are 
not unusual. 

Insist on modern recording instruments 
by Esterline-Angus . . . where master crafts- 
men’s skill is successfully teamed with 
space-age technology. 

Write for case histories, ““How to cut 
production costs, increase mainte- 
nanc® efficiency and aid research with 
Esterline-Angus Graphic Instru- 
ments.”’ Address: THE EsTeRLINE- 


Ancus INSTRUMENT CoMPANY, Box 
596G, Indianapolis 6, Indiana. 








—— we RE Om ee ets es & EE 4 a Oe 





i a ——— ae 


as ae ee es ee 


Finer graphic instruments for over 50 yars—ESTERLINE-ANGUS 
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CRESCENT NYLON MULTITUBE 


Installed at Frankford (Phila.) Plant of 
ALLIED CHEMICAL CORPORATION 


—_ ower ee 
‘ & 
eT | ‘ 
ha 








Eight miles of CRESCENT NYLON Tubing made from Allied Chemical Corporation's PLASKON® 
NYLON, in the form of MULTITUBE, is installed in this large chemical plant for purposes of instrument 
control. 

Each MULTITUBE cable shown in this picture contains 14 nylon tubes spirally cabled together, which 
permits maximum bending without distortion of the tubes. The assembly is protected by a Mylar® 
tape, as well as a weather, corrosion and flame resistant PVC thermoplastic sheath. 

Nylon Tubing offers excellent resistance to environmental deterioration, impact and abrasion coupled 
with unusually high fatigue resistance over a broad temperature range. It is less expensive than cop- 
per tubing, and is particularly easy to install. Individually numbered tubes, with numbers clearly visible 
every 2 inches, make it éasy to identify tubes at either end. 

CRESCENT makes many types of MULTITUBE, using copper, aluminum, steel, polyethylene or nylon 
tubes, with a great variety of protective sheaths, including interlocked metal armor. 


Send for NEW Bulletin No. 960-A with 
complete engineering data, diagrams, etc. 


CRESCENT INSULATED WIRE & CABLE CO. 


Trenton 5, New Jersey 
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AMERICAN STOCK EXCHANGE 
Continued from page 26 e 


SRE R t | = ENGINEER’S 
Sr gy . - FACT FILE 


Hazeltine Corp. 


P 
Loral-Blectronics (new) (a) 
Research 


Nuclear Corp. of Aner. MERCURY PLUNGER 


Philips Electronics, Inc. 
Pneumatic Scale | Alurr 
Polarad Electronics RELAYS 
Servo Corp. of Amer. 
Servomechanisms 
Statham Instruments Inc 
Textron Electronics 
Vietoreen Instrument Co. | 
Waltham Prec. Inetr. Co. } 

i af FREE: Pra 


These Prices and price ranges are given as printed in the wall Street | “ } 4 conduct 
Barry Controls merged with wright Line Inc., new name is Barry Wright \ : \ «1 nee nd jessid babi 
(a) Stock split 3-for-1. s ‘las <— - 4 ees iy haces, y 
Py ) that provide 
makes and bre 
maintenance 
un form actic 


Quotation As of December 15, 
Bid _ : 
call seated 





Available in ble, trouble-fre 
Black Sivalls & Bryson Inc. Single Pole, Double Pole Send for your 

Eitel Mc Cullough 5 or Triple Pole Units moe 

Electro Instruments You will find it usefu 
Electronics Associates 

Erie Resistor Corporation 

Fisher Governor Co. 


Hagan Shenicess & contcole | EBERT ELECTRONICS CORP. 
| 212-A93 Jamaica Ave., Queens Village 28, WN. Y, 


Liquidometer Corp. 


Taylor Instruments (new) 2 CANADA: Philips Electronics Industries Ltd., Toror 
Telechrome Mfg. Corp. 

‘Telecomputing Corp. 8 EXPORT: Philips Export Co., New York 
Vitro Corp. of Amer. 
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NEW | ZE/SS 
High Voltage Supply Unit 


with built-in electronic stabilizer. 150 kV D.C. 


Made in West Germany 


This new unit embodies the most advanced features and offers 
important advantages in research and technical fields. It can be 
used for: High voltage supply for electron-optical examinations 
. . . Examinations of structure by means of electron diffraction 
.. . Deflecting voltage for particle accelerators . . . High voltage 
source for neutron generators . . . Electric testing of materials 
. .. Electrostatic spraying . . . Electronic sorting . . . High volt- 
age supply during lectures, etc. 

A safety device is incorporated to protect the operator against 
being subjected to dangerous high-voltage discharges. The unit 
is free of disturbing high-frequency radiation, and has only small 
. : - interfering magnetic fields. Line voltage fluctuations of +10% 

MODEL HA 150R have practically no influence upon output. Mounted on casters 
A 60 kV unit is also available. —-easily movable. 





Write for literature. 
COMPLETE 


GA FIL LEMS 3, MPV LL, sick racuities 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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Series 624 a/p* pneumatic controller features 
simplicity and high control stability 


® Simple modular design for ease of servicing 


® High control stability for closer process control 


® Designed for batch-type and continuous processes 


® Proportional and proportional-pius-reset control 


models available 


Top control performance with maximum simplicity plus 
standard Bristol precision measuring elements — those are the 
key features of the Bristol Series 624 Controller. The 624 
uses the same renowned elements that have earned such a 
reputation for accuracy and dependability on other Bristol 
automatic controlling and recording instruments — perfected 
through wide experience and many years of development. 


Self-contained modular design of the control unit speeds 
servicing. The whole modular unit, consisting of an aluminum 
casting with working parts made of stainless steel, Ni-Span C, 
and Neoprene diaphragms, can be removed by taking out 

only two screws and a link. 

Outstandingly compact, the aluminum instrument case 

(only 8” x 8” x 5” overall) is completely weatherproof. It is 
designed for either flush, surface, panel, or valve mounting. 
Attachments for pipe mounting (2-inch pipe) are available. 
Write for complete data on the versatile and economical 

624 A/D. The Bristol Company, 113 Bristol Road, 0.35 
Waterbury 20, Conn. 

*Advanced Design 


CONTROLLERS OFFERED FOR: 


PRESSURE AND VACUUM: Ranges from full 
vacuum to 10,000 psi. 

TEMPERATURE: Ranges from —100°F to 
+1000°F. 

FLOW AND DIFFERENTIAL PRESSURE; With 
mercury-type manometer and dry-type differential 
unit. 

LIQUID LEVEL: With bulb unit and mercury mano- 
meter and dry-type differential unit. 

HUMIDITY: Zero to 100% relative humidity. 


CONTROL UNIT CHARACTERISTICS: 


PROPORTIONAL BAND: 0-400% continuously ad- 
justable, direct- or reverse-acting. 

RESET: 0.1 to 50 repeats per minute. 

AIR PILOT: Non-bleed type. 

PILOT CAPACITY: 3.0 scfm. 

FREQUENCY RESPONSE: Fiat to 300 cycles per 
minute. 

TEMPERATURE STABILITY: Less than 0.25% 
change in the output pressure for 90°F tempera- 
ture change. : 

MATERIAL: Aluminum housing; 316 stainless 
steel internal parts; Ni-Span C feedback element. 


3 # " Soy 7 oO L -..for Improved production through measurement and control 


AUTOMATIC CONTROLLING. RECORDING AND TELEMETERING INSTRUMENTS 
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(picture of a KIN TEL differential amplifier at work ) 
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If you measure the output of thermocouples, and the thermocouples are 
bonded to a rocket engine or almost any other grounded object, and the 
distance between thermocouples and amplifiers is more than a few 
feet, you should consider the above illustration carefully. While we'll 
admit your thermocouples probably aren’t producing square waves, nine 
chances out of ten you do have a problem with 60-cycle common-mode 
noise. Nearly everybody does. 

What can be done about it? Well,KIN TEL differential amplifiers reject 
ruinous 60-cycle common-mode hum and noise by a factor of 3,000,000 
to 1 with any unbalance up to 1000 ohms in series with either side of the 
input, 1,000,000 to 1 with 10,000 ohms unbalance. Rejection for DC is 
practically infinite and both input and output can be floated up to +300 
volts DC or peak AC. The secret of this exceptionally high common-mode 
rejection in the presence of high input unbalance is isolation. Input signal 
terminals are isolated from chassis ground by 10,000,000 megohms and 
0.6 micromicrofarads. Input and output signal terminals are completely 
isolated from each other. Output signal terminals are isolated from 
ground to almost the same extent as the input. With this virtually perfect 
isolation, you can rescue microvolt level signals from volts of common- 
mode noise, regardless of whether load and transducer are floating or 
grounded, balanced or unbalanced. 


Before you send us that /etter the input scope photo is a doub/e exposure. The 
Square wave input signa/ was taken with the scope connected across points land 2 
(see drawing below) with 5 mv/division sensitivity. To show the noise, the scope 
was connected between points 2 and 3, and sensitivity was 1 v/division. The scope 
sensitivity and, of course, no noise is evident. 


on the output was set for 1 v/division 


Amplifier Case 
(Chassis Ground) 


aad aalioigeh Zeit me) mo @) 
Vale mom elit molm-jielal-\me] 6) @al-ia— 


alo}i-1-m@-te 10] hve-1l Jah @ilaleloh® 


Di 


Specifications other than common-mode rejection 
are equally impressive. Linearity is 0.01% of full 
scale (10 volt) output for either polarity, 0.02% 
of full scale for plus-to-minus or minus-to-plus 
polarities. Equivalent input drift is less than 2yv; 
noise at full amplifier bandwidth is less than 6pv. 
Input impedance is 30 megohms, output imped- 
ance less than 0.25 ohms. Standard bandwidth is 
less than 3 db down at 80 cps, and the amplifier 
settles to within 99.9% of final value within 50 
milliseconds for an output change of 5 volts. Plug- 
in input and output filters allow bandwidth op- 
tions from 3 cps to 120 cps, transient response 
as good as 25 milliseconds. Gain is 10 to 1000 in 
5 steps. A front panel vernier control provides 1 
to greater than 3.3 times continuous adjustment of 
each gain step. Gain stability is +0.05%. Output 
capability is 10 volts at 10 milliamps. Amplifiers 
have integral power supplies. Enclosures include 
six-amplifier and single-amplifier 19-inch rack 
modules, and portable single amplifier cabinets. 


To meet your exact requirements at minimum cost, two 
models are now available: the 114A at $775, and the 114C 
(described) at $875. Delivery on both models is currently 
from stock. Write for detailed technical data or a demon- 
stration. Engineering representatives in ali major cities. 


e.2C TROMNICS, imc. 
5725 Kearny Villa Road, San Diego 11, California 
Phone: BRowning 7-6700 
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Measurement 
deviation... 


plus 
indication... 


plus 
valve position... 


you get them all 
with this 


Foxboro electronic 
control station 


Shown here actual size —> 


One 3” x6” panel station containing all control and 
supervisory functions — that’s the Foxboro Electronic 
Consotrol* Controller. All d-c input — all d-c output — 
all solid state. Operates completely independent from 
recording. 

And look at these other features: 

* measurement and deviation indicator gives continuous 
indication of process measurement as well as showing 
the deviation from set point. 
calibrated set point dial, with 434” scale, used with 














Controller and recorder 
each slide out from panel 
for easy servicing. the 


Standard 9” x 6” housing 
holds 3 control stations, 
or | station with a com- 
panion recorder. 


Proportional — rese 
derivative: a 
from n' 








oa 


hit oe. es 





deviation indicator for readability of %2% full scale. 
* valve position indicator for continuous, horizontal-scale 
indication of valve opening. 
* simple auto-manual transfer switch for smooth, bump- 
less transfer. 
Foxboro electronic Consotrol control stations are avail- 
able for cascade, ratio and auto-selector systems. Ask 
your Foxboro Field Engineer about them — or write for 
Bulletin 21-10. The Foxboro Company, 461 Neponset 


Avenue, Foxboro, Massachusetts. *Reg. U.S. Pat. OF 


©\ FOXBORO 





t 
| adjusted 
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BRUSH INSTRUMENTS 


in multi-channel! 

recording 

systems 

tn ere IS 

MOTMING MOWED cease many won ery brs 


newest oscillograph is the ideal choice for today’s most advanced telemetry and computer 
systems. Its precision and reliability are proven. You get analog data instantly recorded on 
eight 40mm channels...and the sharpest traces on rectilinear coordinates you’ve ever seen. 
Thirteen electrically controlled chart speeds take the guesswork out of interpretation. All 
functions are operated by pushbutton . . . including an ingenious auto-load chart changing 
arrangement. But... the most important reason of all is that this vertical panel oscillograph 
carries the name ‘‘Brush’’. No one is as qualified. See for yourself. Call, write or wire. 


——brush INSTRUMENTS 


DIVISION OF 


377 AND PERKINS | CLEVITE) CLEVELAND 14, OHIO 
CORPORATION 





WITH THE BENDIX 
G-15 COMPUTER YOU CAN 


THERE IS NO NEED TO DELAY that 
important decision to install a com- 
puter. At a low initial investment... 
without adding special personnel or 
facilities, you can start now to pro- 
ride your firm with the money-saving 


speed and precision of proven electronic computation, @ And you 








can inaugurate your computer program with the foreknowledge that 
the G-15 can be easily expanded, easily adapted to your computational 
growth ...without re-programming, without awkward modifications. 
You know from the beginning that your G-15 will be able to 
easily assimilate the full range of input-output devices—paper tape, 
punched cards and magnetic tape, in addition to special code conver- 
sion, printing and graphic output units...all proven in a wide 
variety of applications. Simplified, minimum-cost application expan- 
sion is made possible by an extensive library of Bendix routines and 
automatic programming systems. @ Thus, with equal efficiency, the 
G-15 has served a one-man company and corporations of many thou- 
sands. More important, that one-man company has grown to a team 
of 47—still economically served by an enlarged G-15 system. @ These 
facts point to the practical economy and ease of initiating your data 
processing program...moving from a low cost basic G-15 computer 
to a powerful, integrated medium-scale system, capable of spanning 
the full range of scientific and commercial applications. They make 
clear that there is a G-15 system to match your data processing 
requirements... starting now. 


For application information write: 


Bendix Computer Division 
DEPT. J-28, LOS ANGELES 45, CALIFORNIA 
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OSCILLOSCOPE TRACE 


RECORDINGS IN JUST 
10 SECONDS 


BY POLARO/JD AND DUMONT 


Polaroid® by Polaroid Corporation 


Almost as fast as readout, versatility extraordinary, permanence un- 
equalled — this describes the new team of 10-second developing Polaroid 
Land 3000 speed film and the Du Mont Type 450 Recording Camera. - 

The new Polaroid Land film, with an ASA rating of 3200, gives you 
a permanent print 10 seconds after you snap the shutter — and with 
resolution greater than ever before. Now you can record transients of 
nanosecond risetime speeds with complete clarity, and have prints avail- 
able in instants. 

Du Mont’s most recent contribution to the scope camera field, the 
Type 450, provides such field-requested features as interchangeable 
lenses for image ratios from 1:1 to 4.5:1 — and interchangeable backs — 
to provide records in any size from 4” x 5” to 35 mm. All! lenses are 
equipped with synchro shutters and external electrical connectors for 
tandem, automatic or remote operation. Mounting mechanisms have been 
greatly simplified, plus rack and pinion focusing, for additional speed 
in recording. 


Write for complete details on obtaining records in 
ou ONT 10 seconds —a new high in speed and versatility 


ALLEN B. DU MONT LABORATORIES, Clifton, N. J. (pa eid 
LAIRGHILD 


DIVISIONS OF CAMERA AND INSTRUMENT 
r/ 
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HONEYWELL 
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The New Honeywell Thermal System 


withstands extreme vibration and corrosion conditions 


Here’s a new gas-actuated thermal system that takes the 
zig-and-zag out of temperature recording under severe 
vibration conditions. 


A complete series of vibration tests has proved 
the vibration resistance of the new Class III thermal 
system. In these tests, the Class III system was installed 
in a standard Honeywell rectangular case recorder, and 
subjected to forced vibrations in three mutually per- 
pendicular planes. With accelerations up to 0.2G from 
0 to 200 cps, maximum pen oscillation was limited to 
1.5%. For more than 75% of the range, pen oscillation was 
less than 0.5%! ... with no resonant effects at 60 cycles. 


Check these many new design and construc- 


tion features: high-energy helix for increased sensi- 
tivity and lower dead spot; built-in overrange or under- 


oy 
ty 


SSO 
Se 


range protection; stainless steel bulbs to withstand 
corrosive atmospheres; low carbon 316 stainless steel 
linkages with low-friction, ball-joint construction; coarse 
and fine zero adjustments for easy settings. 


Get the complete story on the new Class III Thermal 
System by contacting your nearby Honeywell field engi- 
neer today. He’s as near as your phone. MINNEAPOLIS- 
HONEYWELL, Wayne and Windrim Avenues, Philadel- 
phia 44, Pennsylvania. 


Honeywell 
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sromel-Alumel 


THERMOCOUPLE ALLOYS 


Hoskins Chromel-Alumel thermocouple 
alloys are the world’s basic standard of 
accuracy for controlling the heat treat- 
ment of metals—the only base metal 
materials known having established and 


guaranteed temperature-emf character-- 


istics over a useful operating range from 
—300° F. for cryogenic applications up 
to 2: te F. for measuring temperatures 
in industrial furnaces, nuclear reactors 
and jet aircraft engines. 


Now, in addition to standard guaranteed 
millivoltage material, these extremely 
durable, ultra reliable alloys are also 
being produced in the following special 
grades for precision quality control: 


Specification 3-G-178—Accuracy guar- 
anteed to % standard tolerance limits. 


Specification 3-G-170—Accuracy guar- 
anteed within +5° F. over temperature 
range from 1000° to 2000° F. 


Avuilable through instrument manufacturers, thermocouple fabricators, 
and pyrometer service companies. Write for complete technical data, 


* Trade names you can trust 
for accurate 
temperature measurement! 


Genuine Chromel and Alumel are produced exclusively by 


HOSKINS MANUFACTURING CO. 
4447 Lawton Avenue «¢ Detroit 8, Michigan 


Custom-Quolity resistance, resistor and thermo-electric alloys since 1908 
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GUIDE ERRATA 


In the process of streamlining and 
“automating” the procedures involved 
in producing our annual Buyers’ 
Guide, some errors and omissions 
unfortunately occurred. 


All recipients of the Guide are 
urged to note the following 
changes and to correct their 
copies of the 1961 edition (re- 
ceived as Part 2 of the November 
issue of INSTRUMENTS & CON- 
TROL SYSTEMS). 

In the Directory Section: 
Representatives listed for Merit 
Coil & Transformer Corp. should 
have appeared under Merit 
Specialties Co. 


Merit Specialties Co., Inc., 
Louis 11, Mo. VErnon 2-1706 


REPRESENTATIVES 
Okla., Kan., Nebr., Colo. 
G. T. Cook Co., Midland Bldg. 
Kansas City 5, Mo., VI. 2-9678 


Ariz., New Mexico 
Mr. Bruce Irwin, 3033 N.Central Ave., 
Phoenix, Ariz. 


Miss., Ala., La., Ark., Ten 
L. E. Offutt Co., "1492, "5. Rozelle St 
Memphis, Tenn., BR 4-0235 


Tex 
Mr John A. West, 1230 és: Montreal 
ITpallas 8, Tex. FE. 1-6970 


Indiana 
Hayden, Quinn & er 618 Wysor Bldg., 
Muncie, Ind., AT. 4-1691 


205 E. Davis St., St. 


Pantex Valve Actuators, P. O. 
Box 22351, Houston 27, Texas, 
MOhawk 6-0386 should be in- 
serted, and the listing for Pan- 
tex Mfg. Corp. should be re- 


moved. 


Listing for Texas Div., 
Corp. should be removed. 


Clevite 


Texas Instruments, Ine. address 
shown was that of the Semicon- 
ductor-Components Div. The 
Geosciences & Instrumentation 
Div. address, 3609 Buffalo 
Speedway, Houston 6, Texas, 
JAckson 6-1411, should be in- 
serted, also. 

In the Catalog Sections, make the 
following insertions for the companies 
indicated: 

Tri-R Instruments, Insert in 
Catalog 1, under: TEMPERA- 
TURE CONTROLLERS & 
REGULATORS; and under 
THERMOMETERS, THERMIS- 
TOR. In Catalog 4, under MEDI- 
CAL INSTRUMENTS & EQUIP- 
MENT, including Electromedi- 
cal; and under STIRRERS, 
Laboratory, Variable Speed. 

Sensitive Research Instrument 
Corp. In Catalog 1, add under: 
PYROMETERS, Millivoltmetric; 
PYROMETERS, Potentiometric; 
PYROMETERS, Thermo-elec- 
tric. In Catalog 3, add under: 
AMMETERS, AC and/or DC; 
AMMETERS, Microammeters 

Continued on page 40 
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BUILD ECONOMY he 








INTO YOUR SYSTEM, 


with American Equipment! 


TELEMETERING SYSTEMS — Designed 
‘ i to meet the individual requirements 

If you’re already using American measure- of avy system. 
ment and control equipment on your system CONTROLLERS — Series A-88 
— large or small — you know how it reduces he Controllers, Transmitters and Receivers 
manpower requirements and provides con- @ for measurement and control of 
tinuous operating economies. If you’re not Contennede prosess pre pm 
already saving with American equipment, ORIFICE METERS — Dri-flo and mercury 

- - ‘ manometers in recording, indicating 
ask your representative for full information. and integrating models — in a variety 
You’ll be surprised to learn how little it of working pressures and differential 
costs to build sustained accuracy, depend- ranges. 


ability and long-term operating economies CANNON PENS — Record up to a year 
without refilling — produce charts 


into your system. of maximum legibility — no blurring 
or smearing. 
RELIANCE REGULATORS— For indus- 
trial, commercial and house service 
applications. 


~ 
> 
$ 


Ww) AMERICAN 3 


METER COMPANY ae 


Ay 
INCORPORATED (ESTABLISHED 88636) 


GENERAL SALES OFFICE: Philadelphia 16, Penna. * Albany « Alhambra « Atlanta « Baltimore * Birmingham ¢ Boston * Chicago ¢ Dallas * Denver « Erie * Houston * Kansas City 
Los Angeles * Minneapolis * New York * Omaha Pittsburgh * San Francisco * Seattle * Tulsa * Wynnewood 
IN CANADA: Canadian Meter Company, Ltd., Milton, Ontario * Calgary * Edmonton « Montreal * Regina * Vancouver 
SUPPLIERS TO THE GAS INDUSTRY for Ironcase, Tinned Steelcase, Aluminumcase, and Welded Steelcase Meters * American-Westcott Orifice Meters » Instruments * Reliance 
Regulators * Apparatus * Valves 
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NOW AVAILABLE 


LOW PRICED 


The same unique design that made 
the P-K Paul Venturi Control Valve 
the most efficient throttling control 
valve ever devised for critical appli- 
cations has been incorporated into 
the new Series G line of P-K Paul 
Control Valves. 


IN ADDITION TO LOWER COST 


@ Higher Flow Capacity 


@ Rangeability Over 100 
to 1 


@ Positive Shut-Off 

@ Non-Turbulent Flow 
@ low Operating Thrust 
@ Self-Purging Action 


@ Resistance to Erosion and 
Abrasion 


Write today for 16 page catalog GV102 


General Kinetics Corporation 


J 197 South Van Brunt Street - Englewood. New Jersey 
LO 7-3803 - TWX: ENGL NJ 1005 
’ LICENSEE IN THE EASTERN HEMISPHERE: 


JAMES GORDON VALVES, LIMITED © ROCHESTER ©* KENT 
A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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Continued from page 38 


and Milliameters; AUDIO-FRE- 
QUENCY EQUIPMENT; CIR- 
CUIT ANALYZERS; ELECTRI- 
CAL INSTRUMENT CALIBRA- 
TORS; FIELD-STRENGTH 
MEASURING SETS; FRE- 
QUENCY INDICATORS; GAL- 
VANOMETERS, AC; KVA IN- 
DICATORS; LINE CURRENT 
TEST SETS; LOAD INDICA- 
TORS; MAGNET TESTERS; 
MAGNETIC FIELD.- 
STRENGTH INDICATORS; 
MULTIPLIERS; PERMEA- 
METERS; POTENTIOMETERS, 
Manually-balanced; POWER 
FACTOR INSTRUMENTS; 
SHUNTS; VOLTAGE, HIGH 
(above 2300 volts), MEASUR- 
ING DEVICES; VOLT-AM- 
METERS; VOLT-AMPERE 
METERS, Reactive; VOLT- 
METERS, Electrostatic; VOLT- 
METERS, Indicating and Re- 
cording; VOLTMETERS, Labo- 
ratory Standard; VOLT- 
METERS, Micro (etc.) ; VOLT- 
METERS, Millivoltmeters, AC, 
Rectifier; VOLTMETERS, Ox- 
ide Rectifier; VOLTMETERS, 
Peak; VOLTMETERS, Thermo; 
WATTMETERS, Indicating; 
WATTMETERS, Laboratory 
Standard; WATTMETERS, Re- 
active; X-RAY VOLTMETERS, 
High Potential. In Catalog 4, add 
under ELECTROLYSIS IN. 
STRUMENTS. In Catalog 5, add 
under AIRCRAFT INSTRU- 
MENT TESTERS, and under 
FLIGHT TEST INSTRU- 
MENTS. In Catalog 8, add under 
GALVANOMETER MOVE. 
MENTS; MAGNETS, Perma- 
nent; POINTER STOPS; 
POINTERS, Instrument; 
SCALES, Instrument; STAND- 
ARD CELLS; and under THER- 
MOCOUPLES, Vacuum. 


fen) ft 


January 31-February 2 

Eighth Annual Cleveland Electronics 
Conference, Cleveland Engineering & 
Scientific Center. For information 
write Lapine Enterprises, 310 Hotel 
Manger, Cleveland 14, Ohio. 





February 2-4 

6th Annual ISA North Central Area 
Automation Symposium, Radisson Ho- 
tel, Minneapolis, Minn. For informa- 
tion contact, Mr. Howard Marston, 
Honeywell, 621, E. Honnepin Ave., 
Minneapolis, 





BOOKS 





For more information on these beoks, or 
for publisher’s book list circle number 
on reader-service card. 


Dictionary of Automatic Control 
by Robert J. Bribbero, [c 1960] Rein- 
hold Publishing Company, 430 Park 
Ave., New York 22, N. Y. 282 pp., 
74%", cloth-bound $6.00. This ency- 
clopedic dictionary contains more 
than 500 expanded definitions of au- 
tomatic control terms. A classified in- 
dex contains a breakdown into five 
subjects which assists the reader in 
finding a similar term or concept. 


Engineering Thermodynamics by 
Newman A. Hall and Warren E. 
Ibele, [c 1960] Prentice-Hall, Inc., 
Englewood Cliffs, N. J., 643 pp., 9”, 
clothbound $10.50. A comprehensive 
treatment of thermodynamics an- 
alysis from the engineering view- 
point; combines critical evaluation 
of principles with practical applica- 
tions, pioneering new concepts. 


Semiconductor Digest, published 
by Systematic Programing & Editing 
Co., 3604 Woodland, Kansas City, 
Mo., 346 pp., 9”, ring-binder $12.50. 
Consists of specifications on diodes, 
rectifiers, variable capacitors of twen- 
ty-seven major manufacturers. 


Control Systems Engineering ed- 
ited by William W. Seifert and Carl 
W. Steeg, Jr., [c 1960] McGraw Hill 
Book Company, Inc., 330 West & 
42nd St., New York 36, N. Y., 964 
pp., 10”, clothbound $15.00. This 
volume in the Electrical and Electron- 
ic Engineering Series offers a rela- 
tively complete coverage of the mathe- 
matical aspects of modern control sys- 
tems engineering. Thirteen out of the 
fifteen chapters are devoted to a sys- 
tematic development of the theoretical 
techniques used in the analysis and 
synthesis of control systems. 


Mercury Barometers and Man- 
ometers, by W. G. Brombacher, 
D. P. Johnson, and J. L. Cross, Na- 
tional Bureau of Standards Mono- 
graph 8, 59 pp., 1014”, 40 cents. 
Order from Superintendent of Docu- 
ments, U. S. Government Printing 
Office, Washington 25, D. C. Mono- 
graph describes the various designs 
of mercury barometers and man- 
, ometers, sources of error, methods of 
‘minimizing these errors and of 
making corrections. Includes exten- 
sive tables, 


MINIATURE 
3 PEN RECORDER 


NICKEL- CADMIUM BATTERY RESERVE 
POWER SUPPLY MOOULE 
INPUT TERMINALS 


TORQUE MOTOR AND TRANSOUCER 


TYPICAL FUNCTION MODULE 
ENCAPSULATED FUNCTION MODULES 


THERMOCOUPLE COMPENSATION 





ZERO INDUCTIVE AOVUSTMENT 
SPAN INDUCTIVE ADUUSTMENT 
FINE SPAN RANGE ADJUSTMENT 
FINE ZERO RANGE ADJUSTMENT 


CALIBRATING ADJUSTMENTS 


494 GLENBROOK ROAD 
GLENBROOK, CONNECTICUT 
DA-4-1105 


VAN 


SYSTEMS INC 


|=) = 


CIRCLE 33 ON READER-SERVICE CARD 
January 1961—Instruments & Control Systems—Page 41 





Judging by 
the Company 
We Keep... 


. The Company We Keep have 
many names, one standard: all are 
perfectionists. For Custom Control 
Centers, they frequently call on us 

. we re perfectionists too! Won't 
“The Company We Keep?” 


you join 
all your Control 


Contact us for 
Centers. 





The Electro-Mech panel shown 
above controls a large water con- 


ditioning system. It has over 3000 
relay contacts and 13,000 feet of 
wire. Electro-Mech excellence of 
design and meticulous craftsman- 
ship, which makes possible the 
flawless operation of systems such 
as this, are hal)marks of perfection- 
ists. 

Allow us to submit a proposal on 
your control system needs. 


Electro-Mech Corp., Norwood, N. J. 


Eltectro-Mlech 
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PETE 


The Rugged Individual 


It seems a young man lived with 
his parents in a public housing de- 
velopment. He attended public school, 
rode the free school bus, and par- 
ticipated in the free lunch program. 
He entered the Army and upon dis- 
charge kept his national life insur- 
ance. He then enrolled in the state 
university working part time in the 
state capital to supplement his GI 
check. 

Upon graduation, he married a 
public health nurse and bought a 
farm with an FHA loan and then 
obtained a Small Business Adminis- 
tration loan to go into business. A 
baby was born in the county hospital. 
He bought a ranch with the aid of a 
GI loan and obtained emergency feed 
from the government. 

Later he put part of his land in the 
soil bank and the payments helped 
pay off his debt. His parents lived 
comfortably on the ranch with their 
social security and old-age assistance 
checks. REA lines supplied electricity. 
The Government helped clear the 
land. The county agent showed him 
how to terrace it, then the Govern- 
ment paid part of the cost of a pond 
and stocked it with fish. The Govern- 
ment guaranteed him a sale for his 
farm products. 

Books from the public library were 
delivered to his door. He banked 


money which a government agency 
insured. His children grew up, en- 
iered public school, ate free lunches, 
rode free buses, played in public 
parks and swam in the public pools. 
The man owned an automobile which 
he enjoyed riding on federal-aid high- 
way-program highways. His farming 
business used great amounts of sec- 
ond and third class government-subsi- 
dized mail. 

He signed a petition seeking federal 
assistance in developing an industrial 
project to help the economy of his 
area. He was a leader in obtaining 
a new federal building and a new 
postoflice for his city, and went to 
Washington with a group to ask Con- 
gress to build a great dam costing 
millions so that his area could get 
cheap electricity. 

Then, one day, at election time, he 
wrote to his congressman: 

“I wish to protest excessive govern- 
ment spending and high taxes. I be- 
lieve in rugged individualism. I think 
people should stand on their own two 
feet without expecting government 
handouts. I am opposed to all social- 
istic trends, and I demand a return 
to the principles of our Constitution.” 

Panhandle Pete 

Thanks to Rotary Magazine and 
Western Gear Corp’s. High Gear, 
Nov. 6, 1960. 





Electronic Circuitry for 
Instruments and Equipment 


by M. H. Aronson. "Comprehensive source 
book on instrument circuitry” this com- 
plete home-study text includes 458 mul- 
tiple-choice questions (and answers). 215 
illustrations. 10 tables, comprehensive in- 
dex. > ipa 324 pages, 1957 [revised 


edition). 


100 Electronic Circuits 


by M. H. Aronson and C. F. Kezer .. . 
covers amplifiers, oscillators, pulse circuits, 
phase shifters, etc. Complete with all 
circuit component values and response 


specifications. Paper, 180 pages, 1957. 


Vol nn G2.00 Vol. 2... $2 


Strain Gage Instrumentation 


edited by Aronson and Nelson. ‘ 
practical text . . . covers fundamentals 
basic bridge clrentie typical applications, 
and surveys, typical commercial instru- 
ments which use or are used with strain 
gages." Paper, 110 pages, illustrated, in- 
dexed by eli eee and subject, 


Control Valves 


by C. S. Beard. New “one-book" ref- 
erence on control valves . . . covers flow 
characteristics; mechanical features; valve 
capacity; sizing; body types; positioners; 
actuators, including d-c, electrohydraulic 
and gas hydraulic actuators. Numerous 
tables and illustrations. veptees 236 
pages, 1957. . 


INSTRUMENTS PUBLISHING CO. 


845 Ridge Avenue 


Instruments & Control Systems—Vol. 34 


Pittsburgh 12, Penna. 





the cost of maintaining these devices. You can greatly 

reduce instrument maintenance costs. For the Nash em- No internal lubrication to 
ploys no internal lubrication, therefore no troublesome contaminate air handled. 

oil is in the delivered air. Moreover, air from a Nash No internal wearing parts. 
is thoroughly washed and cooled as it passes thru the No valves, pistons, or vanes. 
Non-pulsating pressure. 


SUU(UATUUUIUALUCIUANUNANUAASUNUOUHUUAUOLSSASUCESONSOHHASECKSANUUAE 
You can dispense with oil filters and dust filters when No oil filters. 
you install ®Nash® Clean Air Compressors. You can save No dust filters. 


Ce UTE TTT TTT TTI Te TL 


pump. Dust in the plant atmosphere, even fly ash, is im- 
; Original performance constant 
ene moving element. No valves, gears, pistons, sliding 
will find it profitable to investigate these pumps, now. EAT MMMM 


mediately removed. 

vanes, or other enemies of long life and constant perform- os long ap life. 

NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 


®Nash® Clean Air Compressors are simple, with only 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. 
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HIGH BRIGHTNESS and REGULAR TYPES 


nt mtg., 15/32”) 
£ DIALCco’s Sub-Miniatures (Fro £ 
B use tiny T-2 Neon Glow 
Lamps: NE-2] (High 
Brightness) at 105-125 V., 
© Ac: or NE-2D (regular) 
Dot 105-125 V., A.C. or D.C. 


“W Series mounts from | 
“\ NRONT of panel in 15/32 
clearance hole (supple- 
ments 17/32" Series). 
72 Also—units for mounting 
|) from BACK of panel in 
mo) 15/32” clearance hole. 
> Unique lenses 1n 5 colors; 
give all-angle —, 
nits are fully insulate 4 
rare applicable Mil. Specs- 


! a Ask for Brochures 
© 1-159B and L-162. 


No. 137-8536-931 


om 


No. 145-5036-991 


(Illust. approx. actual size) 


2-TERMINAL and 1-TERMINAL TYPES 


fj INCANDESCENT; 


Designed for use with 
T-1 % midget flanged 
incandescent lamps— 

1.3 V. to 28 V... 

NEW Series mounts 
from FRONT of panel in 
dl clearance hole— 

supplements 17/32” Seri 
soy egy for a. 
ing from BACK i 
15/32” inane = 
Unique lenses in 7 colors, 

» Units are fully insulated; 
meet applicable Mil. Specs, 
Ask for Brochures L-156C 
thru 159B, and L-162. 


1-Terminal Pilot Lights 
| For use on grounded 
. . - j 
@ Circuits. Mount in 13/32” “e meats 
| or 15/32” clearance 
hole. Binding screw 
or soldering terminal. 


No. 134-3830-375-~7 
Spring-mounted Lens-with- 
Message is rotatable. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


42 STEWART AVE., BROOKLYN 37, N. Y. @ HYccinth 7-7600 
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(Front mtg., 17/32") 


(Back mtg., 15/32”) a 


BRIEFS 





Low-Level Magnetic 
Amplifiers 


BECAUSE OF COMPLETE ELECTRICAL DESIRED GAIN SET BY FEEDBACK RESISTOR 


ISOLATION BETWEEN INPUT ANO 
OUTPUT ANY POINT IN THE 
CIRCUIT CAN BE GROUNDED. 








THIS NETWORK SINCE 1$ ALSO A LOAD ON 

p= mig a ly Prepon us Vv 

5 INSTANT AE eG 

Series 5800 PREAC magnetic amplifiers feature 
null stabilities of 28 mv or less over a temperature 
environment of —40° to 85°C as shown in Applica- 
tion 1 . . . Problem: A 20 ohm thermocouple source 
yields a full scale output of 10.25 mv. An output of Sv 
de into a 500K load is required to drive a voltage 
controlled oscillator in a telemetering application. The 
environmental temperature extremes are —40° to 
85°C. Solution: 1) Type M-5849-C is chosen because 
of the low source impedance; 2) 21 ohms is selected 
for R, (from included table); 3) 55K is chosen for 
R, to obtain the desired gain. This is determined from 
the notes or experimentally . . . (From 2-page Bulletin 
M-88, Airpax Electronics Inc., Seminole Div., Fort 
Lauderdale, Fla.) 
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Heating Wattage Data 


The following formulae can be employed in de- 
termining wattage capacity required for heating dif- 
ferent materials: ‘ 


MICA INSULATION 


RS 
TEERERAAAL ER RELA EERE 
Amen eeenak preriiirrerrrrer rrr 


STEATITE CORE HOT AIR 


AEDAAAAABAAABAAARLALLLPP PAPEL PAA 
BACBASARBAAch LAR REREREREE EE REE 





(a) Watts required for heat-up = 
Weight of material (Ibs) < — heat X 


temperature rise 





3.412 X time (hours or fraction thereof) 
(b) Watts heat losses at operating temperatures = 
ep loss/sq. ft. (curves given) area in 
sq. tt. 
(c) Watts for melting or vaporizing = 
Wt. of material (Ibs) < heat of fusion or va- 
porization (Btu/Ib) 


3.412 < heat-up time (hours or fraction 
thereof) 





(From 12- page bulletin, Hotwatt, Inc., 75 Maple St., 
Danvers, Mass.) 
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solve the 


BIG 


flow measurement 


Metering small flows in test labs, pilot plants 
and research centers with Daniel honed flow 
sections gives you the edge in accuracy. How? 
Because Daniel flow sections give reliable dupli- 
cation of performance to overcome a big prob- 
lem in small flow measurement. Each unit is 
manufactured just like the previous one to report 
the most accurate signal on any make differential 
recorder or indicator. 


Inside diameters of each unit are honed to 
plus or minus .001” tolerances. Materials avail- 
able . . . carbon and 316 stainless steel, others 
on request. Operating pressures from 0 to 1440 
P.S.I. (Gage) C.W.P., 600 Ibs. A.S.A. or higher. 
Sizes... %”", ¥%”, %” and 1-inch. Send for 
your copy of Daniel catalog section “O”. 





New Kulite gages provide all the desirable charac- AT LOW COST! 


teristics of conventional strain gages and strain gage 
devices, but are more versatile and provide significant- 


ly higher outputs . . . Their strain-sensitive element NIL TYPE M-12 
eeape sey PRECISION 


| <MKEL RIBBON LEAD wine 
ant 7 | MANOMETER 


J 

+ a= The versatile micromanometer 

bc payscat sy ee which can be operated at high 
a a LEMENT vy working pressures. A simple U- 


DA AND DAN SERIES tube with vernier readers makes it 
possible to offer this exclusive 


combination of features: 

consists of a filament sliced from a single semicon- e 150 PSIG maximum work- 

ductor crystal . . . grown with a controlled impurity * ing pressure. 

content to obtain various characteristics . . . They em- “y e + 0,001 inch sensitivity. 

ploy the piezoresistance effect, defined as the change ; e Water or mercury can be 

in electrical resistivity with applied stress . . . In cer- i used, 

tain semiconductors the effect is very large, and ap- fig e Forward or reverse use 

preciable changes in resistivity occur with applied ° without changing connec- 

stress. This effect is not to be confused with the ; :& 4 tions. 

piezoelectric effect . . . Metal wire and foil gages have = e Range —9 to +11 inches. 

factors between 2 and 4. Kulite gages have factors be- WRITE FOR BULLETIN 155 

tween 50 and 200... In the same physical geometry, 

the resistance of the gage can be varied by more than | 

1000 to 1 and the gage factor can be carried from ANaTionAL [NSTRUMENT | ABORATORIES . 

minus 100 to plus 200. (From 4-page Bulletin K-101, 

Kulite-Bytrex Corp., 50 Hunt St., Newton 58, Mass.) 
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Mica——_ 
CARRIER 





828 Evarts St., N.E., Washington, D. C. 
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: LEPLAB | 
PYRHELIOMETER 


For the Measurement of 
SOLAR RADIATION 


Eppley Pyrheliometers are used for solar 
radiation measurements at ninety-eight 
weather stations in the continental United 
States, Canada, Alaska, Greenland, Ice- 
land, Caribbean Sea, and the Pacific 
Ocean. Sixty-two of these stations are 
under the direction of the United States 


Weather Bureau. 


The Eppley Pyrheliometer was adopted 
as standard equipment by the Weather 
Bureau after considerable experimenta- 
tion. It was found to be the best instru- 


ment so far tested by the Bureau. 


Used in conjunction with a suitable re- 
corder, the Eppley Pyrheliometer will 
provide an accurate and reliable record 
of total solar and sky radiation on a 


horizontal surface. 


Bulletin No. 2 on Request 


THE EPPLEY LABORATORY, INC. 


Scientific Instruments 


2 Sheffield AVE. 
Newport, Rhode Isiand U. S. A. 
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Why Air Cargo? 


Three reasons for using air cargo: 1) To keep pro- 
duction moving by minimizing costly, time-consuming 
interruptions and by getting replacement parts fast; 


RATE MIN. wGT. 
DESTINATION PER LB. WGT. BREAK 


8002—SCIENTIFIC, PRECISION, DENTAL AND SURGICAL IN- 
STRUMENTS, AND PARTS THEREOF, NES, EXCL. 
WATCHES AND CLOCKS 


AMSTERDAM 
ANTWERP 
BASLE 
BELFAST, G.BR 
BERGEN 
BERLIN 
BIRMINGHAM, G.BR. 
BREMEN 
BRUSSELS 
COLOGNE 
COPENHAGEN 


2) To replace fast turnover items quickly and to meet 
unexpected demands; 3) To save packing weight and 
crating time. For example, 3000-lb equipments are 
wrapped with protecting cloth, then mounted on stand- 
ard equipment for shipping . . . Interline agreements 
with world air-carriers permit goods to be shipped as 
fast as possible to any destination wanted . . . Repro- 
duced table is section of commodity rates for scientific 
and precision instruments ... (From 2- page and 12- 
page leaflets and 34- page General and Specific Com- 
modity Rates, KLM Royal Dutch Airlines, 430 Park 
Ave., New York, N. Y.) 
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How To Pick the Best 
Voltages 


There’s a bewildering array of voltages in common 
use in industry. Picking the voltage levels for your 
plant is worth doing right. 





nor 13,800 VOLTS 





EITHER 13,800 
OR 
4160 VOLTS 


4160 VOLTS 








1 | 1 L ] 
5000 10,000 15,000 20,000 25,000 


SUPPLY TRANSFORMER AND/OR GENERATING CAPACITY 














600 vs 480 volts—Immediate attraction of a 600- 
volt system: It costs between 2% and 7% less than a 
480-volt system. Only problem: Most motorized equip- 
ment is not readily available at 550 volts. So unless you 
face some special situation (e.g., a great deal of textile 
machinery is equipped, as standard, with 550-volt 
motors) , 440-volt motors—and thus a 480-volt system 
—are an obvious choice over the 600-volt system.— 
(From 48-page GEA-7139, “Better Power for Produc- 
tion” with sections on How to Start Planning a Better 
Electrical System, All You Need to Know about Relays, 
Your Best Secondary System . . . General Electric Co., 
Schenectady 5, N. Y.) 
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A new concept indesign makes possible the... 


FISHER 


TYPE 3560 


VALVE 
POSITIONER | 


Assured product performance through 
DYNAMIC ANALYSIS engineering 


Application of mathematical techniques of design 
to pressure control systems has enabled Fisher to 
eliminate the conventiona! approach in the de- 
velopment of the new V/P valve positioner. It has 
provided the V/P with the following combination 
of characteristics and performance... unobtain- 
able in any other type of valve positioner. 


SMALL AND COMPACT ...only 6%” wide and 8%” 
high (with gauges). 

Hysteresis, (Average). . . . 
Linearity $e siti theeee CONVENIENT ADJUSTMENT ... valve stroke and zero 


cams to obtain de- adjustment readily accessible and easy to make. 
sired characteristics 


a bide SPLIT RANGE...no parts change whatsoever is re- 
Resolution Sensitivity .....+eeee- 0.002 asi quired for split range operation. 

Repeatability 
0.37 in/sec. EASILY REVERSIBLE...reversed by simply moving 
flapper arm from one beam quadrant to the opposite 
quadrant. 


Stroking Speed 
Air Consumption 10 scfh 


Break Frequency (5% of 
instrument pressure range) 


Break Frequency (3% of CHARACTERIZED CAMS...offer wide flexibility in 
instrument pressure range) valve characteristics. 


The above performance data was taken from laboratory 
tests on a Type 657 diaphragm actuator, Size 40, with 
1%" travel. Instrument range 3 to 15 psi. 


Write today for Bulletin E-3560 











IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY... 


Marshalltown, lowa / Woodstock, Ontario / Rochester, England 
BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA. 
S/INCE 1880 
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ONLY 


This Pressure Switch 
Resists 7000 p.s.i. Surges 





and Stays Accurate within 2% 





Adjustable Range: 15 to 3000 P.S.I. 


Proof Pressures: 3000 and 7000 P.S.I. 


*WITH CALIBRATED DIAL 
(can be set visually 

without gauges). 

WITHOUT DIAL $16.50 

Both prices less the usual 
quantity and trade discounts. 


ADJUSTABLE 
PRESSURE 
SETTING 


EXTERNAL 
DIAL 
SHOWS 
SETTING 


LEAKPROOF 
SEALED 
PISTON 


SURGE 
DAMPER 





WE BUILD IN 


WE DON'T USE 





RUGGEDNESS 

CAN TAKE SURGES 
(High proof pressures) 

CONTINUOUS OPERATION 
(Millions of cycles) 

NO STICKING 
(in dirty fluid) 


LINKAGES & 
BEARINGS 


WHICH WEAR QUICKLY 
(cause settings to drift 
and switch to fail). 





LABOR & MATERIAL SAVINGS 


NO RETURN DRAIN PIPING 
(Sealed piston) 

MOUNTS WHERE CONVENIENT 
(Operates in any position, 
not sensitive to vibration) 





UNSEALED 
PISTONS 


WHICH ADD TO YOUR 
INSTALLATION. COST 
(return piping). 

ARE CRITICAL TO DIRT 
(pistons get stuck). 





Send for FREE catalog 


PRESSURE SWITCH DIVISION 


<Q 


~~ 
arksdale valves 


5125 Alcoa Avenue, Los Angeles 58, California 
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Crane Weight-Indicator 


New Type SB-10 Crane Weight-Indicator shows 
three readings at one glance: boom radius at which 
crane is operating, crane capacity at that radius, and 


weight being lifted . . . It is made up of two systems—a 
hydraulic pressure transformer, high-pressure hose 
and indicating gauge; and a fluid reservoir, low pres- 
sure hose and indicating gauge. Both indications are 
combined in a single gauge .. . (From 4-page Bulletin 
M-39, Martin-Decker Corp., 3431 Cherry Ave., Long 
Beach 7, Calif.) 
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Blast Furnace Control Systems 


On a tonnage basis, the largest single ingredient en- 
tering the blast furnace reaction is air . . 
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The automatic, continuous pressure-and-tempera- 
ture-compensated . . . Hagan Ring Balance Air Flow 
recorder-transmitter . . . provides a pneumatic signal 
which is linearly proportional to true weight or scfh of 
air. The flow controller compares the air flow signal 
with a manually adjustable pneumatic set point signal. 
It determines the magnitude and direction of the error 
between set point and flow and the time the error ex- 
isted, and from these it continuously computes the tur- 
bine steam admission valve position required to reduce 
the error to zero; that is, to match the flow to the set 
point . . . Once set, flow is held constant except for 
checks and casts ... (From 24-page Bulletin MSA-190, 
Controls Div., Hagan Chemicals & Controls, Inc., 
Hagan Center, Pittsburgh 30, Pa.) 
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available! 


New LFE Bernoulli Disk Data Storage Device weighs 6 pounds* 
... Operates on 12 watts... resists 30g shock! 


Originally developed for reliable storage and retrieval TYPICAL SPECIFICATIONS BD-40 SERIES 


of data in outer space, this miniaturized unit introduces 
Dimensions — Inches 
4 


the BD-40 Series of customized LFE Bernoulli Height 
With Electronics 7 
7.25 x 7.25 


Magnetic Disk Memories . . . the simplest rotating Mounthig Fines 


storage devices ever developed. 
F f Weight — Pounds 
These space-and-weight-saving units store data on a *Without Electronic Package 
flexible magnetic disk. Their read/write accuracy With Glestronic Package 
under extreme shock and vibration conditions is main- Power Requirements — Watts (approx.) 
: * Motor Drive (115v, 400 cps, 3 phase) 12 
tained by a balance of forces generated by fluid flow Electronics (+5, ~5, +10, +15v D.C.) ohewwmebties 


together with centrifugal and curvature forces in the 
Environmental 
0° to 85°C 


disk. ; 
Temperature-operating 
non operating —60° to 125°C 
30g pulse 


Compatible with all EDP systems requiring storage Shock 
of information on a magnetic surface, the BD-40 Series Vibration 5 to 27.5 cps +1.3g 
combines the advantages of minimum size, weight, and Ethos fn 0.096 in. 


power with ultimate reliability and immunity to ad- 
Capacity — (Nominal) — bits 


verse operating environments. Available with or with- Sie Seesene Tisebe 
out electronic circuits. For complete information, Adjustable Registers 
Clock and Timing Tracks 


write for Technical Data Brochure. 


+5g 


LABORATORY FOR ELECTRONICS, INC. 


BOSTON 15, MASSACHUSETTS 


“> 1079 COMMONWEALTH AVE. « 


COMPUTER PRODUCTS 


DIVISION 
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CONTROL COSTLY ! with NEW Harris 
ARGON, HELIUM multi-stage precision 
& OTHER GASES metering regulators 


atrected. 





4 Constant flow, as 

iai j ine Delivery in Inlet 
originally set, is main Model No.| Type cu. ft. per hr. | Connection 
tained as the content of (S.C.F.H.) | CGA No. 
the cylinder decreases, 





92 AR Argon 0-40 580 





92 ARA | Argon 0-40 540 





5S No gaskets to loosen, 
causing loss of gas and 
erroneous reading of flows. 


92 ARX | Argon 0-100 580 





92 HE Helium 0-125 590 


Delivery range from vacuum 
pressures to 2500 Ibs. we oe — eo 
Carbon 


Applicable to most gases. 92 C02 | Dioxide 0-100 
Give us information on your 92 Nz | Nitrogen 0-100 580 


particular requirements. 
92 H2 Hydrogen 0-100 350 
Note: If inlet connection other than standard 
required, specify CGA No. 


Other regulators are available for other gases. 








320 
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Orders of Magnitude More Sensitive 


MICRO-SENSOR MS 105-350 


FEATURING 
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Analog Densimeter 


In the Pottermeter Densimeter, fluid is piped into 
the measuring chamber where the density sensor is 


NULL-BALANCE SPECIFIC 
GRAVITY RECORDER/CONTROLLER 
ive 0.5 GPM MAX. 
MODEL 277A 
DENSIMETER 
caine 
MOUNTING 














60 CYCLE 


positioned by the buoyant force of the fluid. A precise 
angular position of the density sensor exists for each 
fluid density . . . and is transmitted through the 
Densimeter housing by means of a pulsed magnetic 
circuit . . . The fluid does not contact any of the 
electrical components in the measuring circuit. The 
density sensor actually consists of three solid density 
sensing units spaced approximately 90 - 100° and as- 
sembled to a common shaft . . . Since the density 
sensor is solid, pressure will have no effect on its 
volume . . . (From 4-page Bulletin S-5, Potter Aero- 
nautical Corp., U. S. Route 22, Union, N. J.) 
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Plasma Torches 


Two new electrode designs in Plasma Flame Torches 
generate up to 50,000°F (five times that of the sun’s 
surface) through thermal energy produced when a gas 


























such as nitrogen is dissociated and ionized by an elec- 
tric arc, resulting in a flame-like stream (plasma). Up 
to now, the maximum enthalpy, or heat content, of 
nitrogen plasma produced by arc-heated gas torches 
has been in the range of 16,000 Btu/lb. This new, low 
velocity, silent flame operates continuously at en- 
thalpies up to 60,000 Btu/lb . . . with no appreciable 
surface disturbance . . . 

A second electrode design permits continuous opera- 
tion with nitrogen at enthalpies up to 20,000 Btu/lb, 
with a Mach 1 velocity of approximately 9000 ft/sec 
at an exhaust pressure of 1 atmosphere . . . (From 2- 
page Bulletin 140, Thermal Dynamics Corp., Lebanon, 
N. H.) 
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Consitive 
PRESSURE and VACUUM CONTROLS 


UNITED ELECTRIC’s Type H9 and Type J10 controls 
are highly sensitive precision built pressure and 
vacuum controls designed for applications where 
close on-off differentials and constant repeatability 
are required. Type J10, being uncalibrated, is smaller 
and less expensive than Type H9 which is calibrated 
and has a knob & dial adjustment. 





Specs: . 





Various Ranges H9-J10 —- between 30” Hg. Vac. 


and 15 P.S.I. 


Switch Differentials H9—% to 1 +o” W.C. de- 
pending upon model. 





Jio—% to 1 +%o” WC. de- 
pending upon model. 





Switch Ratings Standardly 3 amps 115/230 A.C. 





Switch Types N.O., N.C., or Double throw, no 
neutral position. 





Electrical Connections | Made to screw terminals on 
switches through clearance hole in 
enclosure. 





Pressure Connections .| One %4” NPT pressure connection. 





Size H9 —7” x 3%” dia. 
Jl0 — 6%” x 3%” dia. 





Approximate Weight H9 — 3 Ibs. 
Jio — 2% Ibs. 








UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure, and vacuum controls. For applica- 
tions requiring custom-built units or modified standard 
units, call upon a UE application engineer for recom- 
mendations. Write for complete specification and 
pricing data on the Types H9 and J10. Similar data 
available on all other UE controls. 


Ca “Yi 
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F 
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Es United Electric Controls 





High Speed 
Commutation Switch 


Deltaswitch . . . utilizes a mercury stream for a 
wiper arm. A rotor lifts mercury from a pool; centrif- 
ugal acceleration forces it through a nozzle as a high 
velocity stream against peripheral commutator con- 
tacts .. . As the stream momentarily strikes each con- 


P 


_ 


A-C AMPLIFIER 





PRESSURE 
TRANSOUCER 


ve vit) 


APPROPRIATELY 
TAPERED DIVIDER 
TO GIVE vevir) 


_ wi 


4/ 600 - 6000 RPM 

















tact, a low-resistance path is established between the 
contact and the mercury pool. The pool serves as the 
common contact in the commutator . . . Diagram of 
analog multiplier illustrates simplicity of system. . . 
(From 4-page Bulletin ATL-19, Advanced Technology 
Labs., Div. of American-Standard, 369 Whisman Rd., 
Mountain View, Calif.) 
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Recording Differential 
Refractometer 


New Differential Refractometer measures index of 
reiraction changes as small as 0.0000007 index of re- 
fraction units .. . A light beam is directed through a 
slit and lens to the sample cell . . . through the sample 


















































liquid, a reference standard and the sample liquid 
again, to a mirror mounted behind the sample cell. 
The mirror reflects the beam back through the cell . . . 
The beam is then divided by a beam splitter mirror. 
Each half of the beam falls on a Cadmium Sulphide 
Photocell . . . Any change in the refractive index of 
the sample liquid causes the beam to shift . . . The 
photocell detector circuit becomes unbalanced and a 
signal is impressed on the amplifier. The amplified sig- 
nal excites the recorder motor and it drives the beam 
deflector in a direction that equalizes the light falling 
on the two photocells . . . The position of the deflector, 
therefore, is a measure of the refractive index of the 
sample .. . (From 2-page bulletin, Waters Associates, 
45 Franklin St., Framingham, Mass.) 
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THANK YOU, 
COMPETITION ! 


Thank you control valve manufacturers. We see by 
your ads in the trade press and your exhibits at 
shows, that you are now offering split-body valves 
with cylinder actuators. 


As most of you know, we have been manufacturing 
and marketing our Series LB split-body, cylinder- 
actuated valve for ten years. When we first started 
making the Series LB control valve—a radical de- 
parture from the then conventional double-seated 
valve with spring and diaphragm actuator—we did 
it because we sincerely believed it was the best way 
to control process fluids. 


Those of us who pioneered the split-body, cylinder- 
actuated valve invested considerable time, money 
and effort in extolling its many features. As the years 
went by and user acceptance increased, we be- 
came stronger in our belief. However, there were 
many times during those years when we would have 
welcomed confirmation from you in the form of com- 
petitive products. Now, your announced entry into 
this field is, to us, a gratifying endorsement of the 
concept we have spent so much of our energies in 
developing. The added impetus that your collective 
advertising and sales efforts will give to publicize 
the benefits of the split-body, cylinder-actuated 
valve will contribute materially to its universal 


acceptance. 


Although we know we have a good product backed 
by a decade of design and manufacturing experi- 
ence, we do not intend to rest on our laurels. We will 
continue to offer industry the very best control valve 
we can make. And you will strive to outdo us. Your 
customers—and ours—and our industry-—-can only 
benefit from this healthy competition. Again, we 
thank you for following this lead in control valve 


technology. 


SUBSIDIARY CONOFLOW CORPORATION 


SS FOREMOST IN FINAL CONTROL ELEMENTS 
2100 ARCH STREET, PHILADELPHIA 3, PA 
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od Ss me ot o kB 
INSTRUMENT MAINTENANCE 


Case! 


Clean Dry Oil-Free 
Compressed Air 


An Adams aftercooler and cy- 
clone separator installed in your 
instrument air supply cools the 
discharge air to within 2° of 
cooling water temperature. Over 
90% of the moisture and virtu- 
ally all of the oil are condensed. 
The exclusive Adams cyclone 
separator then removes the con- 
densed liquid oil and water and 
other foreign material with uni- 
form high efficiency — over the 
entire operating range. This air 
is entirely suitable for air motor and most contro! 
applications. When bone dry air is needed, the chemical 
drier load is then limited only to polishing action, since 
the bulk of the moisture will have been removed by 
lower cost condensation. Why not review the cost 
cutting advantages of an Adams aftercooler-separator 
combination? Ask today for your free copy of Bul- 
letin 714. R. P. Adams Co., Inc., 265 East Park Drive, 
Buffalo 17, New York. 


TA DA MS QUALITY COMES THROUGH y' 
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1961 ELECTRONIC 
SUPPLY CATALOG 
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BUY AT FACTORY PRICES 
WORLD'S LARGEST STOCKS. ..SPECIALIZING IN: 


@ Special-Purpose Tubes 
© Test Equipment, Meters 
@ Relays © Resistors, Controls 

© Transformers ® Switches, Timers 

@ Knight-Kit® Instruments in Low-Cost Kit Form 
@ Electronic Parts for Every Industrial Need 


ONE ORDER TO ALLIED FILLS THE WHOLE BILL 


Have the world’s largest stocks of electronic 
equipment at your command. No need to deal 
with hundreds of separate factories—one order 
to us fills the whole bill. You get same day ship- 
ment. You buy at factory prices. Write today for 
the FREE 1961 ALLIED Catalog—your one-source 
electronic supply guide. 


ALLIED RADIO 


100 N. Western Ave., Dept. 50-Al 
Chicago 80, Ill. 


@ Semiconductors 
@ Connectors 








your dependable 
source for 
everything in 
electronic supply 
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infrared Photoelectric 
Control 


Infrabeam Projector generates a powerful beam of 
infrared radiation, which is either directed at the 
Receiver across a space where it will be interrupted 
by an object . . . or reflected into the Receiver by the 


CHOPPER 
X DETECTOR AND TUNED CIRCUIT 7 


PROJECTOR RECEIVER 


LENS AND FILTER” 


object itself . . . The Projector contains a motor- 
driven “chopper” disc which rotates at high speed in 
front of the source, causing the beam to flicker about 
450 times per second. The Receiver . . . tuned exactly 
to this flicker frequency, . . . operates the internal 
heavy-duty relay which controls the “load” circuit— 
an alarm system, counter, motor, ... or any other type 
of electrically actuated device . . . (From 8-page bulle- 
tin, Cramer Controls Corp., Electronics Div., Center- 


brook, Conn.) 
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Centrifugal Molecular Stills 


The heart of the centrifugal molecular still is a 
concave, heated, evaporator-cone rotating within a 
chamber maintained at pressures as low as 1 micron 
Hg. 

Distilland is metered by the feed pump into the 
center of the spinning evaporator-cone and is spread 
by centrifugal force rapidly and evenly outward in a 


DS \ e+ EVACUATION PORT 


EVAPORATOR CONE 
COLLECTING GUTTER 
BELL JAR (CONDENSER) 
BASEPLATE 


ine 


/ 


jo— FEED 
TUBE 


LOWER RESERVOIR 








thin molecular film over the entire surface . . . As the 
film spreads and is heated, the vaporizable fraction, 
directly exposed to the high vacuum, evaporates and 
leaves the surface to condense on the cooler surface 
of the adjacent condenser wall . . . Evaporization 
takes place almost instantaneously . . . With the help 
of centrifugal force, the unvaporized residue slides 
into a gutter around the cone edge and is piped out 
of the still. The distillate product flows by gravity into 
distillate discharge pipes and is separately transferred 
out of the still . . . (From 16-page Bulletin 3-1, Con- 
solidated Vacuum Corp., 1775 Mt. Read Blvd., Roch- 
ester 3, N. Y.) 
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of Gr uanotiniers, voltmeters, 
‘ammeters for D.C. © Volt- 

eters for A.C. © Accuracy 
Instruments 0.5%; fer A.C. 1.5%. 
to extend ranges. © Compact 


‘D.C STANDARDS ~~ ELECTRODYNAMIC PRECISION” 


of voltmeters, millivolt- 


and 11-range milliammeter- 


Calibration certificate with 


PRECISION MOVING IRON 
INSTRUMENTS FOR A.C. AND D.C. 
© Voltmeters milliammeters, ammeterts. 
© Accuracy. for A.C., 0.5%; for D.C., 1.0%. 
© Both A.C. and 0.C. © Frequencies up to 
500 cps ond 1000 cps. 


PRECISION ELECTRODYNAMETER 
WATTMETERS 

® Single phase and three-phase, 3 wire and 

4 wire. © Frequency to 1000 cps @ Accuracy 

0.5%. 


STANDARDS 


© Voltmeters, ammeters, milliammeters, watt- 
meters, power-factor meters. © Accuracy 0.2%, 
on all but power-factor meters. © Frequencies 
fo 1000 cps, 1600 cps and 2500 cps. © Cali- 
bration certificate with each instrument. 








il 

















MEGOHMMETERS 
“@ Up to 10,000 megohms. © Accuracy 1.0% 


- © Completely self-contained. © Instructions 


on front plate. © Models for operation os 220 


, VAC line voltage. Combination megohmmeters 


P.O. Box *555 


ond earthtesters. 





UNIVERSAL MULTI-RANGE 
INSTRUMENTS 

® Famous Goerz AC/DC voltage—current instru- 
ments. ©@ Accuracies as high as 1.0% on D.C. 
© Cut-out overload protection. © Accessories 
to extend ranges. ® Dust-proof, moisture-proof. 
© Resistance © Capacitance © Temperature 
Measurements @ Up to 48 ranges. 


Sis oe Je ik 5 RR aa: 24 
PRECISION AMMETERS AND 
VOLTMETERS FOR 
A.C. AND D.C. 
© Wide selection of ammeters and voltmeters. 
© Both A.C. and D.C. © Accuracies. of 0.2% 
on A.C; 0.5% D.C. © Range selection switch. 
© Calibration certificate with each instrument. | 
© Up to 1500 volts with accessories. 














(Hl 
































LABORATORY PRECISION 
D.C. STANDARD 


® Millivoltmeter, millivolt-voltmeter, volt- 
meter. © Up to 1500 volts with accessories, 
up to 300 amperes with accessories. © Accu- 
racy of 0.1%. © Transverse scale with mig 
© Calibration certificate, 


HIGH SENSITIVITY 

GALVANOMETERS, 
MILLIVOLTMETERS AND 
MICROAMMETERS 


© Famous Goerz double-light spot gaivano-/ 
meters, © Hie us light spot os universal 








‘ EE 3 ei 
WHEATSTONE BRIDGE 
© 1.0 to 150,000 ohms. © Accuracy of 1.0%. 


© Folds into package 5°’ x 4° x 3’’, has own 
carry strap. © 2.5x10-6 ampere galvanometer. 


© Range up fo 1.0 megohm with external 
tesistor, 


__ FOR OPTICAL EQUIPMENT, GOERZ AMERICAN OPTICAL CO., INWOOD. bt, NeYe 


Hempstead, L. I., 


N.Y. 
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© 9 current ranges from 150:ma to 60 amp., 
may be extended up to 13 with plier-type’ 
transformer. © 4 volfage ranges, up to 600 
volts, © Active power; 9 watts to 900 KW 
(with transformer.) ® Reactive power; 9 VAR | 
to 900 KVAR (with transformer.) © Power 
factor; 0-1, capecitive and inductive. © Fre. 
quency; 57-03 gis, © case! a 





IVanhoe 3-8299 








PYROTROLLER’ Series N 


An electronic temperature controlling 
instrument that automatically con- 
trols the heat source to maintain a con- 
stant temperature within a set range. 
Designed for temperature control on heat treat- 
ing furnaces, ovens, heat sealing equipment, plastic 
moulding machines, cooking vessels, or any appli- 
cation where a precise uniform temperature must 
be maintained. 
Various temperature ranges, —100° F.up 
to 3000° F. can be supplied to meet your 
requirements. Our engineering service 
is available for special applications. 


Write for bulletin 








PW ALNOR INSTRUMENT CO. 
_ —_ Division of 
Illinois Testing cabewaeninee, Inc. 
Rm. 518 , 420 N. LaSalle St., Chicago 10, lil. 
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A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6+3368—3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM INDIUM ANTIMONITE 
ALUMINA Hot PHOSPHIDE 
yore NDOX 
ANTHRACENE IRON — CRYSTAL 
ARSENIC TRISULPHIDE LITH 
BARIUM TITANATE MAGNETIC PLUMBITE 
BISMUTH MELAMINE FIBER GLASS 
BRASS MICA, SYNTHETIC 
CARBORUNDUM 
CERAMIC 
COBALT FERRITE 
PP 


co 
*CORNING 707 
*CORNING 7052 


UM 
POTASSIUM BROMIDE 
*PYREX 
*QUARTZ, CRYSTAL 


? tol A FUSED 


COPROUS BROMIDE **SAPPHIRE 
FERRITE “SODIUM CHLORIDE 


FERROX **STEEL 


**FLUORIDE, CALCIUM STRONTIUM TITANATE 
**FLUORIDE, LITHIUM TEFLON 
GALLIUM ANTIMONIDE TITANIUM DIOXIDE 
oe ARSENIDE *VYCOR 
GARNET ‘ *X-RAY LEAD GLASS 
GERMANIUM ALL TYPES KNOWN GLASS 


° nes in stock 
** Purchased for orders 
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Automatic Lubrication 


A completely automatic lubrication system consists 
of a means to supply oil continuously to one or more 
lubricators within the system. A medium-pressure oil 


=] 


BASIC CIRCUIT WATTS A606 
| LUBRICATOR 














on 
RESERVOIR 


PUMP 

supply line runs from a pump-reservoir to the most 
remote lubricator; individual feed lines from this 
supply maintain automatic oil level for all lubricators 
in the system. As long as the required minimum oil 
supply line pressure is maintained, automatic fill 
lubrication will continue ... (From 22-page Catalog 
616F, Industrial Div., Watts Regulator Co., Lawrence, 
Mass.) 
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Stroboscopic Digital Display 


Kearfott’s Digistrobe digital display employs the 
stroboscopic principle to provide an in-line, in-plane, 
high-definition, white-on-black display . . . In opera- 
tion, a character drum inscribed with an array of 
symbols rotates continuously at 6000 rpm .. . The 
array consists of 5 columns of ten digits (0-9) each. 
The character drum is directly geared to and rotates 
within an outer shutter drum which rotates at 1200 
rpm, one-fifth the speed of the inner drum. On the face 
of the shutter drum are five windows, each of which 
occupies one-fifth of the circumference and cor- 
responds to a single column of digits. Accordingly, 


each of the fifty digits to be displayed consecutively 
appears in the viewing areas as follows: during the 
first revolution of the inner character drum, the digits 
0-9 of the first column appear, the remaining columns 
being masked by the shutter drum; during the second 
revolution of the inner character drum, the digits 0-9 
of the second column appear, the remaining columns 
being masked by the shutter drum, etc ... When the 
desired digit appears in the viewing area, the switching 
matrix transmits a trigger pulse to a special high-speed, 
internally-mounted Xenon stroboscopic light . . . that 
emits a short intense flash which illuminates the digit. 

. A five-digit display appears as a fixed display . . . 
(From 4- page Bulletin, Kearfott Div., General Pre- 
cision, Inc., Little Falls, N. J.) 
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Ever try threading a needle 
WITH ONE EYE CLOSED 2 
7 ® 


ges G to meet today’s process control requirements with yester- 
day’s instrumentation is like trying to thread a needle with one eye 
closed! Today’s rigid processing demands the accuracy and flexibility 
of Wheelco Capacitrols. Why? Wheelco’s interchangeable unit design 
(see left) for maximum flexibility permits on-the-job instrument modifi- 
cations to meet changing production demands. . . plug-in chassis for 
fast servicing .. . a wide variation of control forms such as time-propor- 
tioning Capacitrols when system inertia compensation is necessary... 
or electric-proportioning Capacitrols for saturable core reactor control 
(a Wheelco first). Without qualification, Wheelco Capacitrols offer the 
most accurate and flexible process forms available. Ask your nearby 

AL ear Wheelco sales and service representative to give you complete data on 

sign of Wheelco Capacitrols ll Wheelco instruments. After all, if you’re using obsolete process 

provides the ultimate in con- control instrumentation, we both lose . . . right? 

trol-instrument flexibility ... 

permits on the job modifica- 

tions to meet changing pro- 

duction demands. wnrire #on In addition, Wheelco Capacitrols 

offer exclusive ‘‘Electronic Link” 

COMPLETE no-contact control, flexibility of 
ENGINEERING sensing elements, thermocouple 


break protection and many other 
DATA advantages. 


e 


BARBER-COLMAN COMPANY 


BARBER Wheelco Industrial Instruments Division 
Dept. A, 1515 Rock Street, Rockford, Illinois, U.S.A. 
C 0 L M : N BARBER-COLMAN of CANADA, Ltd., Dept. A, Toronto & Montreal 
; Export Agent: Ad. Auriema, Inc., N.Y. 
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100X MAGNIFICATION OF A MOUNT. 
Each division .001 in. 


TubeXperience in Action 


Capillary ID size is checked under 100x magnification 


—yet this critical inspection is only 
1 of 3 used to check /D of Superior 
capillary tubing 

At Superior, in checking the ID size of capillary tubing we 
don’t rely on only one reading from our inspection micro- 
scope, we require four. Then we double-check in two other 
ways—one the use of a relatively simple plug gage, the other 
a comprehensive flow inspection to ascertain the average ID 
dimension, These inspections also give you assurance of a 


Syoerir 
rete 


free passage through the bore, uniformity of ID surface and a 
satisfactory grain structure. 


Superior has spent years in the development of manufacturing 
processes and quality control procedures for the production of 
close tolerance capillary tubing. ODs range up to %% in., 
IDs from .004 through .040 in. Analyses include Types 304, 
316, 321, 347 and 446 stainless; also Monel, Inconel, nickel 
and carbon steel alloys. Data Memorandum No. 11 gives 
complete details—let us send you a copy. Superior Tube 
Company, 1968 Germantown Ave., Norristown, Pa. 


lade 


All analyses .010 in. to Yin. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California ¢ FIRST STEEL TUBE MILL IN THE WEST 
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Duplex Bearing 


When emphasis is placed on the rigidity with which 
instrument parts must be supported, that is, the ac- 
curacy and resistance to deflecting forces, bearings 
in preloaded duplex pairs are often used. In such 


S 














2S 


pairs, bores and outside diameters are very closely 
matched and critical face stickout (offset S) held to 
within minute tolerances. The resultant internal fit-up 
when mounted with the bearing faces abutting so that 
stickout for both bearings (2S) is eliminated is such as 
to assure maximum rigidity with the least possible ef- 
fect on bearing torque.—(From 36-page catalog, New 
Departure Div., General Motors, Bristol, Conn.) 
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Multi-Conductor Magnet Wire 


Formvar insulated wire is available in multiconduc- 
tor cables of the ribbon type. The round wires are 
bonded into flat cables, using any number of con- 
ductors from 2 to 30, and gauges from 26 to 44... 
Spectra-Twist flat cable consists of twisted pairs; 
Verilocap is spaced cable for very low inter-conductor 
capacitance; Magna-Strip is flat cable of magnet wire. 
. .. Spectra-T emp, flat cable of thermocouples, gets rid 
of the “rats nest effect” in multi-channel temperature 
recording . . . (From 4-page bulletin, Spectra-Strip 
Wire & Cable Corp., Box 415, Garden Grove, Calif.) 
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Forward-Backward Counter 


The Forward-Backward is essentially the same basic 
counter circuit described. Additional Pulse Gates are 
connected to the basic counter to pass pulses when a 
Flip-Flop unit is in the zero state. Pulses applied to the 
backward input will cause the Flip-Flops to change 
in the series 1111, 1110, 1101, 1100. . . whereas pulses 
applied to the forward input will cause the Flip-Flops 
to follow the series 0000, 0001. 0010, 0011... As 
shown, this digital circuit is readily effected through 
the interconnection of DATA BLOC (or DATA-PAC) 
Model 1011 Flip-Flops, Model 1101 Pulse Gates and a 
Model 1431 Variable Frequency Clock . . . (From 8- 

. page brochure, Harvey-Wells Electronics, Inc., Cover- 
| ing Shift Registers, etc., 14 Huron Dr., Natick, Mass.) 
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RESEARCH 
MODEL 
INDUSTRIAL 
LABORATORY MODEL 
MODEL 


Cambridge pH Meters 


The three portable models illustrated above incor- 
porate new and important advantages. A.C. line 
operation eliminates battery nuisance. Laboratory 
and Research models use electron-ray tube for 
precise null-point indication. Industrial model is 
direct-reading, continuous-indicating; ruggedly 
built for plant use. 


Accuracy: Research .02 pH, Laboratory .05 pH, Industrial 
-10 pH. Cambridge pH equipment also includes single- and 
multi-point indicators and recorders. Send for Bulletin 910-M. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
1661 Graybar Bidg., 420 Lexington Ave., New York 17, N. Y. 
Pioneer Manufacturers of 


PRECISION INSTRUMENTS 
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INSTANTLY MEASURES 
COMPRESSION OR TENSILE LOADS 


w Accurate to within 1% of full scale capacity. 
w Jewelled dial indicator repeats perfectly. 

vw Shockless mechanism for rough jobs. 

w Red maximum pointer registers peak loads. 
¥ Optional switch controls mechanisms. 

w Accommodates wide variety of attachments. 
» Available as combination push-pull model. 

w Extremely compact. Fits into ‘‘tight’’ spaces. 
w» Flexes millions of cycles without damage. 


12 different capacities fram as low as 0-10 Ibs. 
up to as high as 0-50,000 Ibs. 


WRITE FOR FREE ILLUSTRATED CATALOG AND PRICE LIST 


P-56 
+ 14584 Keswick St. 
we.Dillon & CO.,INC. van Nuys 13, Calif. 
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~ Cubic precision digital voltmeter 
withstands 50G shock 


A new militarized version of the Cubic precision digital 
voltmeter is guaranteed to withstand shocks as high as 
a bone-crushing 50 G. The ability to shake off punishment 
that would wreck ordinary voltmeters, and to keep on 
performing perfectly for years and years under the hardest 
kind of use, is built into every Cubic digital voltmeter. 
These meters are “operator-proof” — they will not be 
damaged by any except the most flagrant misuse. Even 
voltages 100% over the top of the highest range will not 
harm them, 

The advanced engineering of Cubic’s transistor-driven 
stepping-switch design provides extraordinary reliability 
and accuracy. Cubic digital voltmeters achieve 99.997% 
repeatability, for precise accuracy again and again. Attenu- 
ator accuracy is 0.003% for wide-range precision. Bridge 
linearity of 0.003% is attained with carefully matched 
quality components. Noise rejection (60 cps) is 80 db. 

Cubic’s digital readout is simple, reliable and the 
easiest to read at a glance. Extra quality components 
throughout ensure minimum maintenance requirements. 
Before buying any digital instrument, investigate the best. 


Write for descriptive literature to Dept. IC-100, Industrial 
Division, Cubic Corporation, San Diego 11 Calif. 
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BRIEF SPECIFICATIONS — MODEL 2100 


ENVIRONMENTAL 


shock test: will withstand 50G Navy shock test, 
and shipboard vibration 


humidity: 100% 

salt spray and fungus resistant 

ELECTRICAL 

volts: 0.01% accuracy from 1 millivolt to 1000 


volts, automatic ranging and polarity 
ohms: 0.1 ohm to 10 megohms, manual ranging 


input power: 25 watts 
ratiometer provision and switching 


MECHANICAL 
size: 542” wide, 11%" high, 14” deep 





Cubic 


CORPORATION 








ICE CARD 


it 
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THE ENGINEERING SHORTAGE 


D. J. KIPP, P. E. 
Los Angeles, Calif. 


THERE IS NO SHORTAGE of engi- 

neers, but there is a shortage of engi- 

neering-quality engineers. The single 

greatest cause for this shortage is the 
lack of adequate compensation and respect afforded 
to the engineering profession, in that order of im- 
portance. Many well qualified engineers leave the 
engineering field for positions in other fields offer- 
ing more money and status. 

If the engineer wants a higher level of respect 
and income he must earn it, and refuse to accept 
less. 

The professional engineer needs a strong asso- 
ciation similar to the Bar Association and the Ameri- 
can Medical Association to set up standards backed 
by law, and to discipline the engineering profession. 
The foundation of such an association exists in the 
Founder's Society; the first step of legislation has 
been taken in the Professional Engineering State 
licensing. 


Law 

The next important step should be the restricting 
by law of the use of the title “Engineer,” such title 
to apply only to licensed Professional Engineers. 
Also, to require by law the signature of licensed 
Professional Engineers on a greater amount of en- 
gineering work, such as in the fields of Refrigera- 
tion, Air Conditioning, Machine Design, ete. 

Any person not licensed as a Professional Engi- 
neer should not be allowed legally to refer to him- 
self as an “Engineer.” This should include Doctors 
of Science and Engineering graduates that have not 
received their professional license. Those men who 
are doing technical work and who have been calling 
themselves engineers should be referred to as tech- 
nicians. A Doctor of Science should not automatical- 
ly qualify a man as a Senior Engineer any more 
than a Licensed Engineer is automatically qualified 
to be a Doctor of Science. 


An expansion of the advertising campaign to 
educate the public on the protection to themselves 
of having the signature of licensed Professional 
Engineers on sales agreements involving engineered 
equipment and services would not only protect the 
public from purchasing improperly engineered 
equipment or installations, but would further the 
raising of the standards of the engineer, thus mak- 
ing the profession more desirable. 

The engineer goes through years of work and 
sacrifice to obtain a college education. If he does 
not receive the respect and income of other pro- 
fessional ‘groups he will use his above-average I.Q. 
and training to earn status in other fields. Today, 
many engineers would do everything they could to 
discourage their sons from going into engineering. 
Their feelings are based on the time wasted qualify- 
ing as an engineer versus the gains to be expected. 

Most engineers choose engineering because they 
are interested in creative, constructive work—and 
they are hungry for further education in new de- 
velopments, For instance, the mechanical engineer 
would like electrical and electronic work, the elec- 
trical engineer would like mechanical and optical 
work. Management should exploit these desires by 
making accredited engineering courses and lec- 
tures available to its technical staff. 

The productivity of an engineering staff can be 
increased by treating the engineer as a professional 
man, not as an hourly laborer, and by supplying 
him with adequate staff including secretaries and 
assistants. The engineer will deliver the greatest 
results only when he has proper help to take over 
detail work. The engineer should have his team of 
designers, draftsmen, clerks, and secretaries. 

In conclusion, the quality and quantity of engi- 
neering work will rise as the engineer (1) earns 
his professional license, (2) restricts the use of the 
term “engineer” only to Professional Engineers, (3) 
demands adequate staff, and (4) continually edu- 
cates himself. 
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DIGITAL COMPARISON 
BY NOR LOGIC 


Gon) DIGITAL INSTRUMENTATION 


REFRESHER ON SYMBOLIC- 
LOGIC FUNDAMENTALS 


C= JOHN M. BOSWELL, Rediation, Inc. 





AND gate, symbcl, and switch anal- 
ogy for A AND B = C, written as 
APS = CC. 


A Only two NOR elements are required to 


B_, 


OR gate, symbol, and switch anal- 
ogy tor A OR B = C, written as 
AVE = ©. 


A—+(I)—+A A—*(1)—>A 
SYMBOL for inverter. A means 1 DATA PROCESSING, computation and 
NOT A. process control, it is frequently necessary to 
initiate different actions with the equality or in- 
equality of two given parameters or digital words 
determining which action is to be taken. A simple 
example or application could be in a process con- 
trol function, where the rate of flow must be kept 
equal. The rate of flow first would be digitized 
and then fed to a digital comparator, which could 
be made to trigger functions which might be as 
follows: 

1, If flow A is equal to flow B, maintain settings 
nib the cue Sac ee appropriate indicator on controi 
stegphintt 2. If flow A exceeds flow B, advance control 
also is shown: valve on flow line B. 

3. If flow B exceeds flow A, sound alarm and 
initiate predetermined safety measures. 


make an inequality comparison of two 
bits; only four for an equality comparison. 









































A-5 
LOGIC CHARTS 
show truth of 
statements AsB 
(top) and AsB 
(bottom). They are 












































Inequality Comparison 


In implementing this function, let us first con- 
NOR ELEMENT sider Table 1 in Fig. 1 for the function “A is 


Shes has output NOT greater than B.” Since in a binary function the 
. oH 16: 4-5 “ or B). By De- only parameters are “zero” and “one,” the fore- 
ee eee going statement is the same as saying “when A is 

this equals AB. greater than B, A=1 and B=0,” or, “A is greater 


A-B 
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FIG, 1. STATEMENT A > B 


is the same as AsB, which is 
the output of NOR 3. 
























































FIG. 2. OUTPUT of NOR 6 is A°B. 











FIG. 3. OUTPUT of NOR 8 























is (A*B) v (A*B), the two con- 
ditions for an equality com- 
































parison. 








A>B A=B BPA 





































































































FIG. 4. CIRCUIT containing all 














the elements of Figs. |, 2, and 3. 











than B=A‘B.” This function is satisfied by the 
circuitry shown in Fig. 1. 
Fig. 2 shows solution for “B greater than A.” 


Equality Comparison 


The determination of the two conditions of 
equality of A and B is shown in Fig. 3. This circuit 
should produce an output when either A= B = 0, 
or A= B=1. Consider NOR 4. The two inputs A 
and B produce an output A v B = A*B, by the De- 
Morgan inversion. The output of NOR 5 gives 


A v B = AB. The two resultants are fed to NOR 
7 and 8, giving an output (A°B) » (A*B), which 
satisfies the desired conditions. 

A circuit which includes all the elements of 
Figs. 1, 2, and 3 is shown in Fig. 4. This circuit 
makes both equality and inequality comparisons. 
For serial operation it is only necessary to add a 
delayed freedback loop as described previously in 
this series. * 


*“Serial Comparison by Symbolic Logic,” R. Brooks, 
I&CS, May 1960 
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ElectriK Tel-O-Set—the true 2-wire system 


NO 
STAND-BY 
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Bem ce ore res coma Mag 


No stand-by supervision needed when you install an 
ElectriK Tel-O-Set Control System. Installation crews 
never have to open an instrument cover to hook up the 
line . . . instrument crews never have to touch an outside 
line to service an instrument. 


It’s all in the Tel-O-Set connection system. All process 
connections are entirely isolated from the inside of the 
instrument case. Installation crews can mount, pipe, and 
wire the various Te/-O-Set instruments without removing 
the cover. Instrument chassis can be removed for servicing 
without breaking any external process or electrical con- 


nection. Standardized parts, together with extensive use 
of quick-connect and plug-in design, minimize downtime 
and reduce spare parts inventory. 


And there’s more to the ElectriK Tel-O-Set economy 
story. Specifically, there’s no external power required at 
any field-mounted Tel-O-Set instrument. Line power con- 
nection is made only at the receiver. Two-wire d-c trans- 
mission reduces installation costs and eliminates shielding 
problems. Also, the 4-20 milliamp signal range of the 
system gives a live zero and permits the use of the most 
reliable transistors available. The d-c signal can be fed into 
data handling systems and millivolt-actuated instruments 

can be easily transduced to a standard 3-15 psi 
pneumatic signal to operate existing pneumatic systems. 


Take a new look at your control problem with the ElectriK 
Tel-O-Set System in mind! Get the complete economy 
story from your local Honeywell field engineer. Call him 
today . . . he’s as near as your phone. MINNEAPOLIS- 
HoneEYWELL, 21 Penn Street, Fall River, Massachusetts. 


Honeywell 
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fon\PROCESS INSTRUMENTATION 





Process Control Systems 


FRED D. MARTON, Instruments Publishing Company 


PUMP MOTOR IN REMOTE PUMPING STATION IS PROTECTED AGAINST DANGEROUS CONDI- 
TIONS IN SUCTION PRESSURE, DISCHARGE PRESSURE, AND MOTOR CURRENT 


In a remote pumping station, which may be un- 
attended, the pump motor should be protected against 
too low suction pressure (which can cause cavitation) , 
too high discharge pressure (which can burst pipes), 
and excessive current (which can burn out the motor). 

This system is for a constant-speed induction motor 
driving a centrifugal pump. Any of the dangerous con- 
ditions described will close the valve in the discharge 
line of the pump. The system is completely electric or 
electrohydraulic. 

The three variables are fed to a unit called an over- 
ride/underride adapter. The suction and discharge 
pressures: are detected by pressure recorder-controllers 
(PRC). The motor current is detected by an a-c re- 
cording controller A-C RC. The override-underride unit 
is simply a parallel-diode circuit which permits either 
the highest or lowest of a given number of input sig- 
nals to develop an output signal. Thus, if the discharge 
pressure or motor current becomes excessive, a signal 
is sent to the valve. Similiarly, if the suction pressure 
is too low, a signal is sent to the valve. 

The valve programmer is a programming unit that 
permits the station to be replaced on the line after it 
is shut, by opening the main control valve at a safe 
rate while the pump motor is restarted. 

The PRC’s, A-C RC, Programmer, Over-Underride 
Unit, and Man-Auto Station can all be mounted at the 





—® _ DISCHARGE 
PRESSURE 


SUCTION 
PRESSURE 





OVERRIDE / 
UNDERRIDE 


control station, with electric lines to the remote pump- 
ing station. 

Equipment used: (2) pressure transmitters, Type 
P2T; (2) recorders, Type A5R with controllers, Type 
A8C, with proportional and integral (reset) control 
modes; manual loading station Model M4C/2; a-c 
recording controller, Model ASR-A8C with 5-amp cur- 
rent transformer of any reputable make; program con- 
troller, Model P3A/5; underride/override adapter, 
Type A5A; motor current adapter, Type A3A; con- 
verter, Model D2C/2 a-c/d-c; and control valve (type 
depending on piped fluid) with thermo-drive actuator. 

Source: Swartwout Div., Crane Co., Manchester, 


N. H. 


ELECTRIC SWITCH-OVER CONTROL FOR HIGH OR LOW SETPOINT 


When pressure regulation in a process line re- 
quires a frequent switch-over from a high setting to a 
low setting, one pressure regulator can be used instead 
of two. By connecting two pilots to the main regulator, 
the set point of the main regulator (a spring-loaded, 
diaphragm-actuated type) quickly can be alternated to 
the desired value. The switch-over is performed re- 
motely by electric means: A solenoid pilot valve be- 
tween the pilot valve with the high setting and the main 
regulator, is actuated by a switch which permits on-off 
and automatic control of the solenoid valve. When the 
solenoid valve is opened the pilot with the higher 
setting overrides the other, keeping the main regulator 
open even when the pilot with the lower setting closes. 

Equipment used: Type ED-M33D Pressure Regulator, 
consisting of (1) Type E main valve, (2) two Type 
D pressure pilots, (3) Type M33 solenoid pilot, (4) 





PILOT 1 
(HIGH 
| SET TING) 




















TWO-WAY 
CONTROL 








accessories, like switch with on-off and automatic 
setting, and pressure gage. 

Source: Spence Engineering Co., Inc., Walden, 
N. Y. 
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Compact 4-way 


SKINNER 


Solenoid Valves 
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Here’s how accurate, dependable 
operation is built into 
SKINNER 4-way solenoid valves 


@ Precise flow control—by adjustable metering 

@ Compact, direct acting—two 3-way valves in one housing 

@ Durable and corrosion resistant—stainless steel internal parts 

@ Leakproof, bubbletight sealing—soft, synthetic inserts 

@ Positive operation mounted in any position—spring-loaded plungers 

@ Underwriters approved—wide selection of coils, voltages and frequencies 
@ Wired from front or rear—housing easily reversed 

@ Adaptable to many uses—optional porting arrangements 


A. Transparent view of 4-way solenoid valve B. Plunger 
C. Plunger return spring 0D. Sleeve €E. Coil 


SKINNER four-way solenoid valves 
available in three basic types 





V9 SERIES SPECIFICATIONS 


Media—air, hydraulic oils, inert gases 





Orifice Diameter—%a", Ye", %42", Ye" 


Pipe Size—'4" NPTF 

Maximum Operating Pressure Differential—O to 150 PSI 
(up to 225 PSI also available) 

Temperature Range—minus 40°F. to plus 180°F. 

Cy Factor—%a4" .052, Ye” .095, %2” .156, ¥e" .214 


Mounting—'4" through-bolt holes. 











Normally closed—normally closed V933 
valves with a neutral position. Generally ap- 
plied on double-acting cylinders where the 
piston is in a neutral position without pressure 








The Skinner V9 solenoid valve is 
two 3-way valves in one compact 
housing. Both valves may be inde- 
pendently controlled and metered to 
provide accurate, dependable control 
of single- or double-acting cylinders, 
or larger pilot-operated valves. 

V9 types are available without 
adjustable flow and with metering 
at both exhaust ports, both inlet 
ports or full metering of all ports. 

o = a 
For complete information, contact 
a Skinner Distributor listed in the 
Yellow Pages or write us at the 


address below. 


When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


SKINNER ELECTRIC VALVE DIVISION 
SKINNER PRECISION INDUSTRIES, INC. «© NEW BRITAIN, CONNECTICUT, U.S.A. 


ANN 


“ Y 
. hy 


RIC 


THE CREST OF QUALITY 


when both coils are de-energized. This permits 
manual shifting of the piston without operating 
the valve. 


Normally open—normally open V955 valves 
with a neutral position. Generally applied on 
double-acting cylinders where both sides of 
the piston are to be open to pressure when 
both coils are de-energized. Under certain con- 
ditions, the first operating stroke of double- 
acting cylinders will be smoother with this 
valve in use, 


Normally closed—normally open V935 valves 
with no neutral position. Generally applied on 
double-acting cylinders where the piston is to 
be in retracted or extended position with pres- 
sure when both coils are de-energized. Wiring 
is simple—both coils are operated simulta- 
neously and can be controlled by one single- 
pole, single-throw switch. 




















ELZCTRIC 


VALVES 


PRINT 


ED IN U.S.A. 





THE STRANDUCER POTENTIOMETER 


FIG. 1. JAMES S. LOCKE, (Vice President, left) and 
J. A. ROBINSON (Div. Sales Manager) of Brown In- 
struments inspect a STRANDUCER, now available in 


the new Honeywell strip-chart, circular-chart and cir- 


cular-scale recorders and indicators. 


DRIVE SHAFT 


TENSION 
WIRES 





BASE PLATE 


FIG. 2. STRANDUCER element (left) and principle. 


Amplifier 
e-Error 








Thermocouple 
Stranducer 


| Constant Voltage | 
Unit 


FIG. 3. Self-balancing circuit. 























T HE CONTINUOUSLY VARIABLE slidewire 
has been the heart of potentiometric measure- 
ment since 1852, when DuBois-Reymond introduced 
it into the emf-balancing (kompensations apparate ) 
circuit described by Poggendorf in 1841. Today, the 
potentiometer (both manual and self-balancing) is 
perhaps the most common instrument for measure- 
ment of low (millivolt and microvolt) emfs. 

The ever-increasing use of such measurements 
has emphasized the single basic limitation as- 
sociated with the variable slideware—the moving 
contact. Many attempts have been made to elimi- 
nate it, but none has been accepted universally. 

It is possible that a superior substitute has at last 
been developed—the STRANDUCER element, in- 
troduced at a press conference on January 5, New 
York, by the Brown Instruments Division of Min- 
neapolis-Honeywell, a pioneer and giant in the self- 
balancing potentiometer field. 

The new “ElectroniK 17” potentiometer replaces 
the moving contact on the voltage divider with a 
STRANDUCER (Figs. 1 and 2). This new “variable 
resistance” works on the strain-gage principle that 
a wire, when stretched, will change its resistance 
in proportion to its elongation. 

Fig. 2 shows the STRANDUCER operation. Four 
wire strands are used. In the “dead zero” position, 
the four wires, in equal tension and of equal re- 
sistance, form four legs of a bridge circuit. The 
pivot arm, as it moves, increases the tension of two 
of the wires and decreases the tension of the other 
two. (The pivot arm is pulled by a strap wrapped 
around the hub of the drive sector. The drive sector 
is connected to the drive shaft, also with a strap. ) 

Fig. 3 shows a servo-system which automatically 
rebalances the thermocouple voltage. The input 
(bridge) signal is amplified and drives the balanc- 
ing motor in the proper direction. When the bridge 
is electrically rebalanced the motor stops. The pen 
carriage also is linked to the balancing motor. 

The principal advantages of the STRANDUCER 
in a self-balancing potentiometer are (1) the infinite 
resolution it provides in recording input signals and 
(2) elimination of the sliding contact. Both are 
advances of the first magnitude. 

Additional networks of resistors provide varia- 
tions of range so that the circuit can be used not 
only with thermocouples but also with resistance 
thermometers, radiation detectors and pH detectors, 
and for straight millivolt measurement. Electrical 
instrument spans as low as 1 millivolt are available 
in all models of the “ElectroniK 17.” 

Cold-junction compensation for thermocouple 
measurement is accomplished by adding a third 
voltage to correct for any change in the cold- 
junction voltage. This is derived from a tempera- 
ture-sensitive resistor. The circuit reference voltage 
is a zener supply, regulated to better than 0.05%. 
Filtering circuits and a floating shield virtually 
eliminate the effects of stray signals in the input. 
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Now, with 12 standard ranges, General Electric Mass Flowmeter 


. » « ON THE LINE! Today, many companies in the pe- 
troleum, chemical, petrochemical and natural gas 
industries are accurately measuring valuable proc- 
ess fluids directly in pounds with the General 
Electric True-Mass Flowmeter. 

For example, these 12 applications have been 
performance-proved in actual service metering: 


* air ¢ natural gas ¢ alcohol « vinyl chloride 
freon © ammonio ¢ liquid carbon dioxide 
ethylene ¢ liquid petroleum gas ¢ naphtha 
jet fuel ¢ methane hydrogen mixtures 


(Many more to come—let us know what your 
specific application is.) 


NEW ACCESSORIES FOR APPLICATION FLEXIBILITY: 

Now, you can control batch blending accurately on a 
system basis with this flowmeter and new accessories 
which include: 
counters—permit remote digital readout; pre-set counters— 
for automatic blending; ticket and tape printers—allow 
permanent and remote recording of flow. 


AND ALL MODELS FEATURE: 

@ Accuracy independent of variations in density, pressure, 
viscosity and temperature 

e Completely self-contained, self-integrating unit 

e@ Low pressure drop 

® Accuracy unaffected by fluctuation in power supply 
voltage and frequency 
Long-term stability for minimum maintenance and in- 
frequent field calibration 

® Quick response to rapid changes in flow without over- 
shoot or lag 

@ Measurement in pounds—eliminates tedious conversions 


DO YOU HAVE AN APPLICATION for this revolutionary new 
instrument? Chances are you do, and we’d like to know 
about it. Contact your nearby G-E Sales Office, or write 
directly to General Electric Co., Section 599-03, Schenec- 
tady 5, N. Y. Be sure to ask for bulletin GEA-6925A. In 
Canada, contact Canadian General Electric Co., 940 
Lansdowne Avenue, Toronto 4, Ontario. On applications 
in the natural gas industry, contact Black Sivalls and 
Bryson, Inc., P.O. Box 1714, Oklahoma City, Okla. 


INSTRUMENT DEPARTMENT 


GENERAL @@ ELECTRIC 


CIRCLE 59 ON READER-SERVICE CARD 
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TOTAL FLOW SYSTEMS 


The abrupt inflation in natural-gas prices has 


increased the importance of accuracy in gas 


LOUIS V. HICKMAN 


American Meter Co., Inc. 


measurement, particularly at points of sale. 


FIG. |. BASE VOLUME INDEX automatically multi- 
wr each unit volume of gas at pipe line conditions 

y the pressure and temperature factors, and indi- 
cates the quantity of gas passed at base conditions 
on a counter. 





Meeting Notice—Fri. Feb. 25, 1961, Rio Hondo Country 
Club. 

Subject—34th Annual Hi-Jinks will take place at Rio 
Hondo Country Club on the 25th of the month. A golf 
tourney will have the SCMA Hi-Jinks Trophy at stake. 
C. B. McKinney of the Southern Counties Gas Company, 
Santa Ana, is heading up the Golf Committee. 

Our host at Rio Hondo, John Szlavik, promises some- 
thing special for dinner and Bill Wilson and his Arrange- 
ments Committee have assembled “the best show ever" 
for the occasion. In addition to this being the Hi-Jinks, 
it is also Past President's Night and all of our Past Presi- 
dents will be honored guests. 











N ATURAL GAS is today the nation’s fifth 
largest industry and is growing continually. 
The price of natural gas has increased from 3 or 4 
cents per 1000 cu ft a few years ago to, in some in- 
stances, more than 20 cents per 1000 cu ft today. 
Today's price of gas and the tremendous volumes 
involved demand accurate measurement. 

To the producer of natural gas a “total flow sys- 
tem” means an installation where gas is delivered 
to the pipeline automatically. A large number of 
such total flow systems are in service. 

In one such installation on the Gulf Coast, the 
thirteen producing gas wells are in the water. Seven 
produce from one horizon, and six from another 
(but at different pressures), and all gas goes to two 
low-temperature separation units located on a pen- 
insula which is 4% miles from the mainland. The 
liquid is extracted on the peninsula and is piped 
to storage on the mainland. The gas flows through 
a separate pipeline to land, and then is measured 
and controlled by a recording flow controller at the 
point where it is delivered to the pipeline. The 
measurement here is the total production of all 
wells; gas from each well also is measured on the 
peninsula. 

This type of installation is unusual in that, as 
the delivery to the pipeline is varied, each well 
automatically produces its pro rata part and always 
within its “allowable.” Also, no manpower is re- 
quired offshore to accomplish this; it is only neces- 
sary to set the index pointer on the recording flow 
controlier (located on land) to the desired de- 
livery. The resulting change in pressure in the 


Presented at The Los Angeles Harbor College, Instru- 
ment Short Course, April, 1960. 
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SECTION A-R 


FIG. 2. SQUARE-ROOT EXTRACTION in inte- 
grating orifice meter is based on raised cam surface 
on bakelite cylinders. This model extracts square 
root of both flow (differential pressure) and line 
pressure. Output is the product of these two signals. 


line from the low-temperature separation units then 
actuates controls (both pressure and flow) at the 
separation units, and the change in delivery from 
each well is automatic. 

During certain seasons of the year it sometimes 
is impossible to use the crew boat for routine in- 
spection of the installation because of rough water, 
but it is still possible to vary the delivery or even 
shut down the entire operation in any kind of 
weather with one man on the mainland. 


Distribution 


Distribution systems have different requirements. 
The gas is usually purchased gas and (in many 
instances) available only within definite limita- 
tions. If a certain purchased volume is exceeded, 
a penalty may be added. 

A simple and reliable type of system comprises 
a positive-displacement meter with Base Volume 
Index® and Telecount® (Fig. 1). Base Volume 
Index corrects the meter reading for varying pres- 
sure and temperature conditions. The volume meas- 
ured is totalized on a counter as standard cubic 
feet, and no computations are required. By using 
the Telecount with the meter and Base Volume 
Index, this measured volume can be transmitted 
over telephone wires to the remote point or dis- 
patcher, where it is totalized continuously on a 
counter. The Telecount unit has an interlocking 
circuit which makes it insensitive to vibration, 
thereby eliminating false counts. 

Where the temperature can be assumed to be 
constant (and no temperature correction need be 


*Registered trade names, American Meter Co. 
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made), a Base Pressure Index (with the Telecount 
unit) can be installed on the positive-displacement 
meter instead of the Base Volume index. This unit 
continuously corrects each unit volume of gas at 
line conditions for pressure; the actual volume at 
standard pressure conditions is shown without com- 
putation. 


Integrating Orifice Meter 


Where larger volumes of gas are measured than 
is feasible with the positive-displacement meter, 
integrating orifice meters (Fig. 2) can be used with 
Telecount. The integrating orifice meter is a stand- 
ard orifice meter equipped with two bakelite cylin- 
ders, each with a raised cam surface, necessary 
gearing, pressure springs and counter. Normally, 
operation is electric, but where a-c power is not 
available a gas-powered “Gasclok” can be used. 

The integrating orifice meter extracts the square 
root of the differential and multiplies it by the 
square root of the absolute static pressure. The 
operation of the integrator is continuous, the pri- 
mary multiplication is performed once a minute, 
and the sum of the products is totalized continuous- 
ly on a counter. The difference between the read- 
ings obtained at the end and at the beginning of 
an interval, multiplied by the orifice meter con- 
stant, gives the quantity which has passed through 
the orifice during the interval. 


Telecount 
The Telecount (Fig. 3), is connected by a shaft 


to the integrating mechanism of the integrating 
orifice meter, the Base Volume Index, or the Base 
Pressure index. It consists of a suitable gear train, 
magnets inserted in rotating non-magnetic discs, 
and Mercoid switches. The Mercoids are actuated 
by the magnets at certain intervals as the non- 
magnetic discs rotate. As the d-c circuit is closed, 
a single pulse is transmitted to a remote counter. 
This signal advances the counter one digit which, 
when multiplied by the orifice constant, gives the 
totalized volume. 


Duplex Meter Runs 


The ratio of minimum to maximum flow of a 
standard orifice meter or an integrating orifice me- 
ter is generally assumed to be approximately 3% to 
1. At city gate stations, industrial installations, etc., 
where the load variation is greater the 3% to lI, 
additional meters and meter runs ordinarily are 
used. 

For instance, the first meter run may use a 10” 
and a 100” duplex meter setting, with only a 100” 
meter installed on the secondary meter run. If the 
distribution system is of such size that telemetering 
is used, it may be better to use a variation of the 
integrating meter (which transmits a signal to a 
remote counter in actual cubic feet). 

Where a 10” and a 100” integrating orifice meter 
are installed as a duplex setting, the integrating 
mechanism in each can be provided with suitable 
gearing and either Mercoid or Micro switches, to 





transmit a signal (pulse) which will represent the 
same volume from either the 10” or the 100” inte- 
grating meter. These two signals can be fed into a 
totalizer. One leg of the telephone circuit then will 
be used for this signal. 

The signal from the second 100” integrator, also 
transmitting a signal in actual cubic feet, can use 
the other leg of the telephone circuit. No totalizer, 
of course, is required in this instance because only 
one integrator is involved. These two signals can 
be transmitted to remote counters or to computing 
devices at the dispatching office. The integrating 
meter can, when required, contain a third cylinder 
(or cam) which applies a factor for flowing tem- 
perature, resulting in volume at the selected base 
temperature, 

Where required, this type of installation can be 
operated on a time-sharing basis with telemetering 
equipment. When used in such a manner, storage 
relays are required to store the counts (signals) 
when the telephone circuit is temporarily used for 
other functions. 


’ 


Peak Load Factors 


During extreme weather conditions it is neces- 
sary that a close check be kept on the volume of 
gas being used and on the predicted volume for 
each 24 hours, in order that the contract will not 
be exceeded. Many companies who purchase gas 
from pipelines have propane-producing peak shar- 
ing plants (manufactured gas plants or under- 
ground storage installations) which are placed in 
service during peak loads to augment the natural- 
gas purchases. Some companies also pack sections 
of their systems during off-peak hours when it is 
definite that the contract will not be exceeded for 
the 24-hour period. 

Many contracts between the gas company and 
large industries contain an “interruptible clause” 
which allows the gas company either to cut off the 
gas to the industry during extreme weather or to 
curtail supply to a certain percentage of the total 
volume specified in the contract. 

At one power plant in one of our larger cities 
the interruptible clause limits the volume to 15% 
of the total during adverse weather conditions. 
Pressures and flows throughout the distribution sys- 
tem, and from the power plant, are telemetered 
to the dispatcher, who keeps a close check on op- 
eration conditions. In order that the power-plant 
load can be readily determined by the dispatcher, 
a flow telemeter transmitter with pressure compen- 
sation was installed. Pressure-compensated meters 
are not new, but the application here is unusual. 

The dispatcher can determine readily the in- 
stantaneous power plant load, and is able to in- 
stitute necessary curtailment procedures when re- 
quired. 

The force amplifier used in the pressure-com- 
pensated flow-telemeter transmitter has found ap- 
plication also in digital telemetering systems, where 
it has been used to amplify the power available 
from a standard pressure spring, for example, to 




















FIG. 3. TELECOUNT and principle. Gear train on 
orifice meter (or on BPI or BVI} operates mercury 
switch, which transmits 30-ma signal over 2-wire 
(or |-wire and ground) line. 


position a shaft encoder. In this manner flow (dif- 
ferential across an orifice), pressure, or temperature 
can be sensed with a standard sensing element, and 
the completely mechanical force amplifier is used 
to increase the power available from the sensing 
element to a value sufficient to position an encoder. 
This force amplifier differs from the null-balance 
type in that an electric motor is used to drive the 
amplifier, but the input signal is amplified mechani- 
cally. 

Some installations for lease automation in oil and 
gas production require an instrument to transmit a 
pulse (representing actual cubic feet) to a multi- 
point receiver in order to establish gas/oil ratios. 
Here the integrating orifice meter which transmits 
a signal in actual cubic feet is used, and its pulse is 
transmitted to the multipoint receiver. Such instal- 
lations usually incorporate a strip chart. When no 
signals are being received, it records straight lines 
on thé chart. As a signal is received, each record 
on the chart deviates slightly and instantaneously 
and shows up as a “pip.” By counting the pips 
on the record for gas and for oil (in relation to 
rate of chart travel), gas/oil ratios can be estab- 
lished. 
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As reliable as they are quiet, the EAI Series 5000 Tran- 
sistorized Digital Voltmeters combine a unique “Full- 
Time” high input impedance circuit with outstandingly 
accurate, high speed performance. 


EAI Series 5000 features include — 

© Full-time input impedance to 1000 megohms 
OC Relative accuracy 0.01% full scale 

© 200 readings per second average 

OC) Input noise filter 

C2 Fully transistorized 

C€ Outstanding long term stability 

© Quiet, reliable, trouble-free operation 


Versatile as well as economical, these voltmeters provide 
decimal and binary-coded decimal electrical outputs for 
driving a full range of accessory equipment. Brilliant, 
easy-to-read projection displays eliminate “glow-through” 
ambiguity while providing wide angle reading — even 
under adverse ambient lighting conditions. 


~ 
¥ 


Re cme 








Write for complete details on the new Electronic Asso- 
ciates, Inc. Series 5000 Voltmeters, or call your nearest 
EAI Engineering Representative. 


ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
CIRCLE 60 ON READER-SERVICE CARD 
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Bits 


Added this month is a new feature, 
“SCI Activities”, the purpose of 
which is explained more fully under 
that heading. 

Also, under Pieces, we report what 
was to your Ed (probably because 
he’s involved in the development and 
testing of the MAC pump, his own 
heart-and-lung machine) one of the 
most interesting meetings he’s had 
the pleasure of attending. This was 
the July 22 meeting of the Western 


Simulation Council at UCLA “On the 
Simulation of Heart-Lung Systems.” 
At this meeting Ed Deland spoke on 
“Mathematical Models of the Circu- 
latory and Respiratory System,” 
George Bekey and your Ed made 
“Comments on Computer Simulation 
of Physiological Processes,” and Dr. 
J. V. Maloney (UCLA Department of 
Surgery) spoke on “Problems in Hu- 
man Simulators: The Heart-Lung Ma- 
chine.” 





Pieces 





WESTERN S/C MEETING OF 22 JULY 
ON HEART-LUNG SYSTEMS 


Dr. James B. Maloney (UCLA De- 
partment of Surgery, Los Angeles, 
California) was host to the July 22nd 
meeting of the Western Simulation 
Council held at the University of 
California Medical Center in Los 
Angeles. Subject of the meeting was 
“The Simulation of Heart-Lung Sys- 


tems.” 


DeLand on Circulatory Systems 
Dr. Ed DeLand (Ph.—not M.D. 


Rand Corporation, Santa, Monica, 
Calif.) , the first speaker, talked about 
“Mathematical Models of the Circula- 
tory and Respiratory System” or, 
more specifically, some work they are 
doing which has been reported in a 
U. S. Air Force Project Rand Re- 
search Memorandum.” 

This project was undertaken to 
determine the feasibility of simulat- 
ing a part of the human physiological 
system by a suitably constructed 
mathematical model. 

Certainly a successful mathematical 
simulation of the human system or of 


*“A Mathematical Model of the Hu- 
man External Respiratory System”, 
by George B. Dantzig, James C. De- 
Haven, Irwin Cooper, Selmer M. John- 
son, Edward C. DeLand, Herschel E. 
Kanter, and Crawford F. Sams (M.D., 
University of California) ; RM-2519; 
September 28, 1959 


human subsystems would provide an 
important tool for biological investi- 
gations. A sufficiently complex model 
—that is, a model embodying suffici- 
ent chemical and biological details to 
represent a whole, functioning human 
system or subsystem—could be used 
to explore biological hypotheses, en- 
vironmental stress reactions, and in- 
terplay of dependent subsystems, and 
could serve as a teaching tool or even 
an aid to medical diagnosis. 

However, the human body may be 
considered as perhaps the most com- 
plicated chemical factory ever de- 
vised. It is a dynamic chemical fac- 
tory in which there are no absolute 
values. 

Therefore, to date, only the tech- 
niques, concepts, and characteristics 
of such a mathematical model have 
been explored. 

Ed’s talk concerned a simulation 
of the external respiratory function. 
Respiration, and the resulting gas 
exchanges at the lung surfaces, in- 
volve many chemical reactions as well 
as a transférmation of venous into 
arterial blood. So this activity was 
chosen for #F test case. 

Basing r work on the known 
physiologic#™ and chemical aspects 
of this subsfstem, the investigators 
constructed a mathematical model 
which, when. solved, would give 
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values describing the major phenom- 
ena of the subsystem. Emphasis was 
placed on the chemistry and thermo- 
dynamics of the subsystem rather 
than on physical dynamics such as 
flow and mixing; at this stage these 
time-phased phenomena were ex- 
pressed only implicity. 

Despite these and other ap- 
proximations, Ed said that the 
work shows that the mathemati- 
cal art is now capable of repre- 
senting such systems which have 
large and complex sets of 
functionally interrelated vari- 
ables. 

The values of some 53 different 
molecular species, as determined by 
the model, are in execellent agree- 
ment with observed values. There is 
therefore reason to be optimistic 
about the possibilities of represent- 
ing other more complicated human 
subsystems, and interconnecting them 
—especially now that mathematical 
techniques and computing facilities 
are becoming available for integrat- 
ing increasingly complicated sets of 
components. The Rand investigators 
feel that these techniques should be 
pushed to the biological or mathe- 
matical limit—whichever comes first 
—in the hope of constructing mathe- 
matical models for increasingly large 
portions of the human system. 

Nevertheless, developing a com- 
plete and integrated human-system 
representation is quite a large order. 
In the first place, the size of medical 
libraries alone attests to the large 
volume of special cases which such 
a model would be required in some 
sense to interpret. We might never- 
theless argue that, with luck and sev- 
eral years of effort by a large number 
of qualified specialists, it might be 
possible to handle the task if it were 
not for one outstanding fact—the 
great gaps in our knowledge of the 
human system. For instance, we know 
the brain plays a major role in the 
control of the physical processes of 
the body, but the exact functional 
relationships that define the control 
can at best only be hypothesized. 

It is precisely in this area that the 
techniques of simulation provide the 
scientific investigator with an ex- 
tremely powerful tool: a tool for test- 
ing a variety of hypotheses quickly 
(once the model is constructed) , com- 
paratively economically—and safely. 
Even if the results of such hypotheti- 
cal explorations at first do not cor- 
respond with reality, much useful 


knowledge can be obtained just in 
attempting to determine the reasons 
for lack of correspondence. 

And in any case the investigator’s 
insight into the problem is markedly 
improved. ; 

At RAND it was decided to simu- 
late the external respiratory system 
on both analog and digital computers. 


The digital computer, having high | 


accuracy but requiring relatively long 
solution time, was used to compute 
the equilibrium conditions of the sys- 
tem and hence to test the underlying 
hypothesis of the model. 

The analog computer, with lower 
accuracy but much shorter solution 
time, was used to search through a 
range of parameters. It can also be 
used eventually, it is believed, to 
simulate the dynamic aspects of the 
model. It already has proven itself 
a valuable tool for tracing the effects 
of continuously varying inputs to the 
system. Thus the analog can be used 
in complex experimental situations 
for estimating equilibrium constants 
by regarding these as parameters to 
be varied continuously on the ma- 
chine until a good fit is found be- 
tween observations and predictions. 

The advantage of continuous opti- 
mization with the analog as compared 
to the static, one-time optimization 
with the digital computer is that it 
can thus compute and display the 
transient phenomena of a complex 
system as it changes under the in- 
fluence of a time-dependent parame- 
ter. 

Later on, the inputs will be outputs 
computed from other physiological 
subsystems, and the whole will be 
optimized according to viable criteria. 


Bekey on Physiological Process 


George Bekey (Space Technology 
Laboratories, Los Angeles, Cali- 
fornia) followed Ed DeLand’s de- 
scription of the work at Rand with 
some general comments on the chal- 
lenge and problems involved in simu- 
lating various physiological proc- 
esses. In this connection he described 
briefly some work done while he was 
at Beckman, using the analog com- 
puter to simulate nerve excitation. 

Geroge also mentioned that when 
he attended the national ASME meet- 
ing in Dallas he found that Ben Cly- 
mer*, of the Human Simulation Sub- 


*North American Aviation, Dynamics 


Development, Department 56, 433 
East Fifth Avenue, Columbus 16, 
Ohio 
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GEORGE BEKEY: 
"We are on the 
threshold of a 
breakthrough in 
biological prob- 


lems.’ 


committee of the Midwestern Simula- 
tion council, was very much inter- 
ested in this kind of work and has 
prepared a rather extensive bibliogra- 
phy on the subject. 

“We are on the threshold of a 
breakthrough in the application of 
mathematical techniques to biological 
problems,” said George, “Because 
of: 

1. The development of mathemati- 
cal tools for the analysis of non- 
linear, time-varying phenomena; 

2. The development of instrumen- 
tation—micro-electrodes, miniatur- 
ized transmitters, and meters for the 
non-destructive measurement of flow 
and temperature, for instance. These 
give us means for verifying the mod- 
el. 

3. The development of methods for 
the study of closed-loop feedback 
and control systems. 

“Simulation of physiological sys- 
tems can be divided into three gen- 
eral areas: 

a. Simulation of human operator 
dynamics 

b. Simulation of physiological 
processes (as exemplified by Ed De- 
land’s paper 

c. Simulation of higher mental 
processes: neuron nets, learning ma- 
chines, etc.” 

George mentioned some of the 
work being done but observed that 
much faster progress could be made 
except that “Engineers get stumped in 
studying biology because they run 
into bio-chemistry. They don’t know 
this, so they have to go back and 
study organic chemistry (which they 
skipped in school, because it was 
hard) .” 

Nevertheless, George convinced 
most of us that bio-medical engineer- 
ing is the coming thing, and that com- 
puter simulation of the systems in- 
volved in an extremely important— 
and fascinating—part thereof. 


McLeod on the MAC Pump 


Your Editor followed George with 
a description of what we hope will 
be a tangible contribution resulting 
from the cooperation of medical men 
and engineers: the MAC (McLeod 
Aerating Cardiac) Pump. 

To those of you who may wonder 


why a Council member should be 





concerned with a heart-lung machine, 
I can only say that you must take a 
real broad view; rationalize that be- 
cause such a machine takes over the 
duties of the heart and lungs it cer- 
tainly simulates their function, even 
if not the organs themselves. Anyway, 
that’s what those who invited me to 
speak said. So, after much twisting of 
my arm (ha!), I agreed to talk, and 
having talked can now write on. 

Your Ed first realized the need for 
cooperation between medical men 
and engineers when he was at Har- 
vard’s Cruft Lab in 1942 and saw 
doctors struggling with jury-rigged 
electro-encephalographs which they 
had to build or modify themselves. 
But I didn’t do anything about it for 
16 years, not until stimulated (liter- 
ally) at a party where some doctors 
and engineers were discussing a 
heart-and-lung machine they were 
building. Intrigued, I asked to see it. 
And when I did I was impressed. The 
design was ingenious and the work- 
manship was beautiful. But something 
about it bothered me. Finally I real- 
ized it was its complexity. 

Now your Ed likes simple thinks. 
Complexity often costs reliability, and 
it always costs money. “There might 
not be a better way to build a heart- 
lung machine, but there must be a 
simpler way!” 

That did it! For two-and-a-half 
years now that “simpler” machine has 
been competing with your simple- 
minded Newsletter for all your Ed’s 
“spare” time. 

To appreciate a solution it is well 
to understand the problem. In this 
case I was given to understand that 
the problem was blood. More particu- 
larly, the problem stemmed from the 
characteristics of blood which had 
been especially troublesome in con- 
nection with all other heart-lung ma- 
chines: it is delicate, and it foams. 

The most dramatic use for a heart- 
lung machine—or extra-corporeal 
perfusion device, as they are more ac- 
curately known—is to take over the 
action of the heart and keep the body 
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MAC pump. 


supplied with oxygenated blood dur- 
ing open-heart surgery when the heart 
itself is incapacitated. Thus the 
surgeon buys time to make repairs 
and perform apparent “miracles” 
which would not otherwise be possi- 
ble. 

The reason that the lung function 
—that of oxygenating the blood—is 
included is largely a matter of 
“plumbing.” The heart and lungs are 
so intimately associated (the lungs 
being, hydraulically at least, between 
the two halves of the heart) that it 
is easier to supply an artificial lung 
than separate and use the natural 
areas. 

But blood is difficult to handle 
without damage. It is not a liquid 
but a slurry, made up of small pack- 
ages of hemoglobin and other com- 
ponents wrapped in an extremely deli- 
cate membrane and suspended in 
plasma. Pumps which require that 
valves open and close (or that pas- 
sages otherwise be occluded) to 
pump the blood have a tendency to 
break the packages, destroy their 
function, and upset the chemistry of 
the system. 

Blood also has a troublesome ten- 
dency to foam when it is exposed to 
the oxygen in the “lung” (aerating) 
section of the device. This also upsets 
the delicate balance of the system and 
furthermore, if any of the minute 
bubbles are pumped into the biologi- 
cal system they might cause embolism 
(stoppage) of some small blood 
vessels. In the brain this could cause 
damage or even death. In short, it’s 
bad. 

There are other difficulties, but I 
was given the impression that they 
had been solved, or were unimpor- 
tant. (How gullible can you get?) 

It seemed to me that the “simple” 
solution was easy. I still think so. But 
I have spent two-and-a-half years 
trying to keep it simple. It ain’t easy. 
If I may paraphrase: 


Simple problems bring other 
problems 


No matter how you write ‘em 


And these problems get other 
problems 


And so forth, ad infinitum! 


The simple solution was this: If a 
dip in an otherwise gas-filled flexible 
tube holds some liquid, and the dip 
is moved along the length of the tube 











(Fig. 1), the liquid will tend to move 
AS 
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with the dip. If, however, the end of 
the tube toward which the dip is being 
moved is stopped, the liquid in at- 
tempting to follow the dip will com- 
press the trapped gas somewhat. And 
the compressed gas, pushing back, 
will create a hydraulic “head” across 
the dip proportional in height to the 
pressure created (Fig. 2). If, instead 


DIP MOVED 
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of one there are several such dips, 
it can be seen (Fig. 3) that the total 


he | ae 


ye 
FIG. 3 


pressure created will be proportional 
to the sum of the hydraulic heads 
across each dip. 

Now if the movements of these dips 
along the tube can be mechanized, 
the resulting device can be used as a 
pump. A simple way of doing this, 
and of supplying new dips as old 
ones move along, is to wind the tube 
in a horizontal helix and revolve it 
about its axis Fig. 4). That, basi- 


2h 


FIG. 4 


cally, is the MAC Pump (Fig. 5). 
Needed are only an inlet for the gas 
(oxygen) and liquid (blood), an out- 
let with a float valve to vent the gas 
while holding pressure on the liquid, 
rotating points to connect them to the 
tube, and a motor to turn the helix. 

Simplicity! Only one moving part 
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Multi-Stage Oxidation Problems Solved in Seconds 


with DVS AG Computer! 


A computer is judged by the problems it solves. 


Dynamic memory and high-speed repetitive operation 
Here are some problems which pysTAc will solve in 


exclusive with DysTAC analog computers offer the 
simplest, most accurate, lowest-cost way of solving 20 seconds. 

i-stage Oxidi -ms. Ww, Wi STAC, ¢ ee : ‘ ‘ ; 
multi-stage oxidizer problems. Now, with DYSTAC, any —,_ mutt. dimensional partial differentials (steady state or 
desired specifications can be selected for a given prob- transient) 
lem. Solutions are achieved at a continuous frequency 
of 60 cycles per second with an accuracy of +0.1%. © sequential, successive solutions for algebraic matrices at 
Size of DYSTAC is independent of the number of stages 60 to 100 cps 
since its dynamic memory permits time sharing of © definite integral calculations 


computing elements. Its solution time for a given set aed! ee ; 
of operating conditions is only a few seconds for 10 . multiple integrals and partial differential equations . . . or 
stages. any combination of these problems 

Whether your problems are dynamic or static, Send for detailed report “Counter Current Multi- 
covering costs, design or production control in: Stage Oxidation.” Learn how 
Operations Research, Chemical Kinetics, Structures or DYSTAC cuts time and costs in 
Hydrodynamics, DysTAc can solve them faster, more solving complex problems that 
accurately and more economically than any other up to now defied either analog 


computer. or digital computer solution. 


COMPUTER SYSTEMS, INC.., culver Road, Monmouth Junction, N. J. * DAvis 9-2351 


A Schlumberger Subsidiary « formerly Mid-Century Instrumatic Corp. 


CIRCLE 67 ON READER-SERVICE CARD 
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(other than the drive). No valves 
(in the blood), no occluding pass- 
ages, and no fast-moving parts (the 
helix turns about 10 rpm). No sepa- 
rate “lung.” (The lung function is 
lagniappe.” As the top half of the 
helix must be filled with some kind 
of gas anyway, the use of oxygen 
allows the necessary oxygenation of 
the hemoglobin to take place at the 
interface with the blood film on the 
inside of the tubes.) No turbulence 
to cause foaming. Easy to understand, 
no special “crew” required. Easy to 
clean (all parts touching blood can 
be disposable and replaceable at 
nominal cost). It is comparatively 
small, light, and inexpensive (ap- 
proximately $1000), and (on experi- 
mental animals—no people yet) it 
works! 


Maloney on Problems in 
Human Simulators 


The final speaker of the meeting 
was our host, James Maloney (M.D., 
UCLA Department of Surgery). 

Dr. Maloney commended the West- 
ern Simulation Council for arranging 
such a meeting because “we have 
become so specialized in our own 
fields that often we don’t know or 
appreciate what is going on in adjac- 
ent areas.” 

Commenting on the vast amount of 
progress made in the physical sci- 
ences using computers and simulation 
for the analysis and synthesis of com- 
plex physical systems, Dr. Maloney 
remarked (and we will leave it as 
an exercise for the reader to deter- 
mine just how seriously), “Physics 
is passé; medicine is now the fron- 
tier science!” 

Dr. Maloney went on to back up 
his remark by pointing out the tre- 
mendous scope of medical “worlds to 
be conquered,” the breadth and depth 
of problems to be solved, and the im- 
portance to all of us of getting on 
with the job. 

“We only know,” he said, “perhaps 
2% of what we should to understand 
the human system—and we are only 
able to use perhaps 10% of what we 
know.” 

To improve these figures, all pos- 
sible tools and techniques must be 
brought to bear, and we in the com- 
puter field are certainly in a position 
to make vital (literally) contribu- 
tions. 

The over-all task is too bewildering 
for comprehension, but some idea of 
its challenge may be gathered by con- 
sidering some of the problems of 
extra-corporeal perfusion, an area in 
which Dr. Maloney is much inter- 
ested. 


As we have already stated, there 
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are problems of hemolysis (mechani- 
cal damage to the blood) and foam- 
ing, but that’s only the beginning. 
Assume for the moment that you 
have a perfect mechanical device: 
when that device is connected to 
and becomes part of a biological sys- 
tem what do you have? The heart- 
lung machine has only two functions: 
to pump and to oxygenate. These can 
be described by three parameters: 
pressure, flow, and percent satura- 
tion. But they are interrelated with 
each other, not only in the physical 
but most importantly in the biologi- 
cal system. 

For instance, the flow into the bio- 
logical system is a function of both 
pump pressure and system resistance. 
And the latter can and does change 
in what appears to be an arbitrary 
manner.* So what do you control? 
Pump pressure? Keep the flow at the 
desired rate? Keep arterial pressure 
at a pre-selected level ?, Or hold a con- 
stant venous pressure? 

And what of oxygenation? Is it 
possible to over-oxygenate? Hyper- 
ventilation (deep breathing) in vivo 
(in the normal body) can cause dizzi- 
ness. Under some conditions (under 
water, for instance) breathing pure 
oxygen can cause oxygen narcosis. 
Are we liable to do this to our pa- 
tients? If so, it is dangerous? Just 
what is the mechanism of oxygen 
narcosis anyway ? 

And how about CO», removal? This 
is as much a function of normal 
breathing as O2 uptake. If the CO. 
formed by burning oxygen in the 
biological system is not removed, the 
pH (acidity) of the blood goes down 
and the entire chemical balance is 
upset. 

These are only a few of the many 
things we would like to know more 
about. Yet they are selected from 
a very specialized area in which, sur- 
prisingly enough, the doctors (with 
some assist from engineers, of 
course) have performed miracles. 
How much better could they do here 
if we could help them get more an- 
swers? And how many “miracles” 
could they perform that are only 
dreamed of now. 


It’s our ball! ** 


*Of course it isn’t, but I have to find 
anyone who can predict or control it! 
—Ed. 


**In this case “having a ball” is real 


serious business!—Ed. 











After his talk Dr. Maloney intro- 
duced the engineer of his group who 
is in charge of their heart-lung ma- 
chine. 

The UCLA machine, assembled 
from “off-the-shelf” basic compo- 
nents, has some interesting features of 
convenience and control. However, 
the pumping is accomplished by per- 
haps the most popular type of pump, 
and the oxygenation by one of the 
most popular oxygenators. 

The pump is a section of elastic 
tubing held in a semi-circle by a sta- 
tionary backing, while two rollers 
on opposite ends of an arm rotating 
about its center( which is concentric 
with the center of the semi-circle) 
compress the walls of the tubing to 
force the blood in the direction of 
rotation. 

The “lung” consists of a series of 
discs housed in a horizontal cylin- 
der and turning about a common axis 
so that they dip into blood flowing 
through the bottom of the cylinder. 
As the discs turn, this creates a film 
which in the upper section of the 
cylinder is exposed to oxygen and 
oxygenation of the hemogloblin takes 
place. 

This device was demonstrated to 
the group. It was pumping water in- 
stead of blood, and there was no 
“patient.” Nevertheless, the demon- 
stration was interesting—and proba- 
bly just as realistic as many of the 
group would like it to be! 





Computer Events 





% Midwestern S/C meeting—Jan. 16, 
1961 


Allison Div., (Plant 8), General 
Motors Corp., Indianapolis, Ind. 
Topic; “Novel Solutions to Nasty 
Problems” 


% Southeastern S/C Meeting—Jan. 
27, 1961 


Georgia Institute of Technology, 


Atlanta. Topic: “Moving Average” 
and “Medical Research” plus other 


papers, 


* AIEE-IRE-ACM 
Western Joint Computer Confer- 
ence 
Ambassador Hotel 


Los Angeles, California 
9-11 May 1961 
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SCI Activities 





In the past it has been your Ed’s 
practice (if indeed he can be said to 
have had a practice) to put all info 
pertaining to a particular Simulation 
Council meeting into a suitably la- 
beled folder. Then when all info ap- 
peared to be in, I would “edit” the 
material, in more or less chronolog- 
ical order, and come up with a News- 
letter of sorts. This meant that meet- 
ings which were not properly reported 
would probably never even be men- 
tioned. 

This isn’t in line with our. objec- 
tive. The purpose of this N/L is to 
keep you informed as to what is go- 
ing on, even if we can’t give details. 
So henceforth we are going to report 
meetings and programs as soon as we 
get the info. We will then, as_in the 
past, report interesting and/or sig- 
nificant details under Pieces—if and 
when such details are forwarded to us 
by the responsible Secretaries of the 
individual Councils. 

This month, to catch up, we are 
guing back nearly a year to pick up 
meetings, or individual presentations 
at partially-reported meetings, not 
heretofore mentioned. 


CENTRAL S/C meeting: 

22 February 1960 at Humble 
Oil & Refining Co., Baytown, 
Texas, on "Chemical Process 
Problems" 


Scheduled talks: 


“Dynamic Response of a Ther- 
mocouple” by Francis X. Meyer 
(Esso Laboratories, Baton Rouge, 
Louisiana) 


“Thermal Stress Analysis of Ex- 
changer Tube Sheets on an An- 
alog Computer” by D. G. Kil- 
lough (Humble Oil & Refining 
Company, Baytown, Texas) 


“The Application of Analog Sim- 
ulation to the Statistical Desi 
of Experiments” by Joseph F. 
Paul and Paul E. Parisot 
(Monsanto Chemical Co., St. 
Louis, Missouri) 


“Optimization of the Finite Dif- 
ference Lattice Structure for Dif- 
fusion Processes” by M. L. Gil- 


liland (Beckman/Berkeley Com- 
puting Center, Los Angeles, 
Calif.) 


DR. MAX 
GILLILAND 


&, 


“Simulation of a Fixed Bed, Non- 
Isothermal Chemical Reactor Us- 
ing Dynamic Analog Memory” 
by E. A. Clarke (Humble Oil & 
Refining Co., Baytown, Texas) 


“Equations Encountered in Heat 
Transfer Problems” by Eric Li- 
ban (Pratt Institute, Brooklyn, 
New York) and R. K. Stern 
(Computer Systems, Inc., Mon- 
mouth Junction, New Jersey) 

I heard several enthusiastic reports 
on this meeting, but somehow nothing 
printable (or unprintable, for that 
matter) ever reached me. So unless 
some of the individual speakers 
should at this late date care to send 
me info on what they said, it will, in- 
sofar as these columns are concerned, 
be lost forever. C’est la vie d’éditeur! 


CENTRAL S/C meeting: 

23 May 1960 at Boeing 
Airplane Company, Wichita, 
Kansas 


The technical program consisted 
of: 


“Noise: Its Definition and Meas- 
urement in Analog Studies” by 
Don C. Augustin (McDonnell 
Aircraft Corp., St. Louis, Mo.) 


“Maintenance of Analog Com- 
puters” by Frank Gorn (Mon- 
santo Chemical Co., St. Louis, 


Mo.) 


“Patching Circuits Helpful in 
Preventive Maintenance” by 
Richard Kraus (Beech Aircraft 
Corp., Wichita, Kansas) 


“Preventive Maintenance: Tech- 
niques, Scheduling and Admin- 
istration”. This was a panel dis- 
cussion moderated by T. R. 


Page 80—IJnstruments & Control Systems—Vol. 34 


Herndon (Humble Oil & Refin- 


ing Co., Baytown, Texas). Panel 
members: Augustin, Gorn, and 
Kra 


us. 
As in the case of the CS/C’s Feb- 
ruary meeting, we’re sorry that we 
have no further info on this later 
meeting to record for posterity. 


SOUTHEASTERN S/C meeting: 
17 June 1960 at Auburn 
University, Auburn, Ala. 


Scheduled talks: 


“Comparison of Analog Compu- 
ter Analysis and Experimental 
Data of a Feedback Control Sys- 
tem” by W. M. Feaster (De- 
partment of Electrical Engineer- 
ing, Auburn University) 


“A Mechanical Analog of an 
Electrical Impedance Bridge” by 
H. M. Summer (Department of 
Electrical Engineering, Auburn 
University) and James Sher- 
man (Autonetics Division, North 
American Aviation, Downey, 
Calif.) 


“An Analog Method of Determin- 
ing Frequency Response” by 
John Webster, (Chrysler Mis- 


sile Division) 


“Synthesis of Antenna Arrays 
with an Electronic Analog Com- 
puter” by H. M. Summer (De- 
partment of Electrical Engineer- 
ing, Auburn University) and 
George M. Peace (Assistant in 
Electrical Engineering, Auburn 
Research Foundation) 


“An Analog Approach to the So- 
lution of Nonlinear Problems 
with the Number Series” by 
C. H. Weaver (Department of 
Electrical Engineering, Auburn 
University) 


Thanks to Jim Tootle, the South- 
eastern Simulation Council’s Secre- 
tary, we are in somewhat better shape 
on this one. We mentioned the Weav- 
er paper in the October 1960 News- 
letter and the Summer-Peace paper 
will be covered in its entirety in an 
early issue. 





He Went Thataway! 





Sidney J. Korn (formerly Secre- 
tary, new Chairman of the Eastern 
SC) to Loral Electronics Corp., 825 
Bronx River Avenue, New York 72, 
N. Y. 





Will report other SCI activities next 
month. 





ELECTRICAL MEASUREMENTS /,. 





International Electrical 
Standards Laboratories 


DR. JAMES B. KELLEY 


Physics Research Laboratories, Inc. 


Impressions gained from visits to, and work with, the national 
standards laboratories of the USA (National Bureau of Stand- 
ards), Great Britain (National Physical Laboratory), West 
Germany (Physikalisch-Technische Bundesanstalt-Berlin and 
-Braunschweig), France (LCIE) and Austria (Austrian Bureau 
of Standards); and also the..Bureau International des Poids 
et Mesures. There is great need for belter exchange of in- 
formation between these laboratories and their personnel. 


HE BUREAU INTERNATIONAL DES POIDS 

ET MESURES, located in a former private estate 
which surrounds a rectangular courtyard in the Paris 
suburb of Pont de Sévres, and staffed by a dozen 
Frenchmen, carries out the basic physical measure- 
ments of length, mass and time that correlate most of 
the standards laboratories of the world. It is also the 
central international agency where certain electrical 
and optical measurements are made on a comparative 
basis. At regular intervals, several years apart, the 
various countries of the world send their own national 
standards to the International Bureau for intercom- 
parison. 

In the electrical field, the unit of greatest interest 
is the ohm. There is no “standard ohm” any place in 
the world. There are merely many 1l-ohm resistors 
made according to the specifications of national 
laboratories which exist in the different countries. 

The 1l-ohm resistors are hand-carried to the Inter- 
national Bureau, where they are intercompared. The 
procedure by which this is done is refined and involves 
many cross-checks and corrections. Essentially it 
breaks down to the measurement of these 1-ohm stand- 
ards by a bridge method where the bridge is built-up 
of individual components of rather considerable age 
and hence highly reliable stability. After all readings 
have been made and refined, an average is taken and 
each resistor compared to the average. If any resistor 
or group of resistors from a particular country is 
seriously off in its value from the previous test or from 
the group, then that resistor or group may be excluded 
from the average, and the country which submitted 
the resistor will be notified. 


According to those in charge of this work at the 
International Bureau, a good 1l-ohm resistor will not 
vary more than 1 or 2 parts in a million from test to 
test. 

The procedure from this point back to the national 
bureau in a given country is to use these l-ohm stand- 
ards as the primary resistance standards, and to make 
all further measurements from these. The practice at 
the national bureaus is to intercompare these resistors 
with additional 1-ohm standards, and thereby follow 
the method of the International Bureau internally. 
From the 1-ohm standards, other resistance values are 
measured. Of course, it can be seen at once that, quite 
aside from the fact that the ohm has never been 
rigorously established in terms of the basic physical 
quantities, there is the chance for the introduction of 
errors every time a new measurement is made. While 
the errors might conceivably be compensatory, the 
view must be taken that they are additive. The problem 
is something like sawing ten pieces of wood where only 
the first piece was measured and then each successive 
piece is measured from its predecessor. The certainty 
of the measurement is diminished as the successive 
measurements are made. 

It is for this reason that the National Bureau of 
Standards in the United States will read a standard 
resistor to the nearest part in a million, but will certify 
it only to 20 parts in a million. Actually, both NBS and 
the International Bureau are measuring the resistor’s 
variation with time, or its stability. There is not much 
else that can be said about the resistor’s value because 
no one has yet offered a rigorous definition of the ohm 
in terms of previously defined dimensions or constants. 
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The measurement heart of the world. (Courtesy the International Bureau of Weights and 


Measures, France.) 


Comparison of Laboratories 


The national standards laboratories in the United 
States, Great Britain, West Germany and Austria are 
similar in organizational set-up. In France, how- 
ever, there is a somewhat different arrangement. 
Whereas in the first four countries the national 
laboratories are government operated, in France they 
are privately operated as non-profit organizations sup- 
ported by the appropriate industries. Each area of 
interest has its own facility which is administratively 
and physically separate from all others. The organiza- 
tion concerned with electrical measurements is the 
Laboratoire Central des Industries Electriques. 

Perhaps the two national laboratories most similar, 
even in general physical appearance, are the National 
Bureau of Standards and the National Physical 
Laboratory (NPL) in Teddington, England. The 
principal differences are internal administration and 
separation or combination of responsibilities. 

In West Germany there are two standards labora- 
tories—the Physikalisch-Technische Bundesanstalt- 
Braunschweig and the Physikalisch-Technische Bunde- 
sanstalt-Berlin. The Braunschweig unit is the main 
office and is also the oldest national standards labora- 
tory in the world, while the Berlin bureau is confined 
principally to work for West Berlin. However, the 
PTB-Berlin is very large because West Berlin is the 
center of a large part of the German instrument and 
scientific apparatus business for all of West Germany. 
Hence the services of PTB-Berlin are much in demand. 

The Austrian Bureau of Standards is somewhat 
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smaller than the others, but is well equipped and 
capable of precision comparable to that of the labora- 
tories in larger countries. Because of a law in Austria 
which requires that all watthour meters be government- 
approved before they can be installed in homes or 
buildings, the Austrian bureau is deeply involved in 
watthourmeter calibration. Although this is a burden, 
it is also a source of income. 


Research 


Research is pursued at all the national bureaus and 
at the International Bureau. In October 1960, the 
International Bureau announced that its old plantinum 
meter standard had been replaced by the wave length 
of the orange-red light of Krypton-86. The new defini- 
tion of the meter is 1,650,763.73 wavelengths of 
Krypton-86 light. With the former standard an ac- 
curacy of | part in a million parts of an inch could 
be attained. The new standard improves this by a 
factor of 100—that is, 1 part in 100 million parts of an 
inch. The pressure for this greater accuracy comes to a 
great extent from the space vehicle and satellite fields. 
Here even an error of a millionth of an inch can cause 
a moon shot, for instance, to miss by 1000 miles. 

The International Bureau also is working to improve 
the 1-ohm standard. The approach taken uses a l-ohm 
resistor made from platinum and maintained at the 
temperature of the triple-point of water. The project 
was started about three years ago and, according to 
the investigators working on it, shows promising re- 





PTB-Berlin, 
"= Siemens 
= Building 


sults. A similar project was undertaken at NPL 
several years ago but abandoned because of instability 
problems. 

At NBS, NPL and the Austrian National Standards 
Laboratory, another joint project is under way in con- 
nection with the definition of the ohm. This project 
has as its primary object the definition of capacitance 
to a degree not formerly thought possible. The work 
has been extremely successful to date and promises 
that capacitance can be set with a precision of 1 part 
in a million, and measured with an accuracy of 1 part 
in a million, 

While the capacitance approach to a better defini- 
tion of the ohm is being pursued by NBS, NPL and 
NSL, the traditional inductance method of defining the 
ohm is being studied for further improvement at NBS 
and LCIE (the French organization). The feeling 
among staff members of both laboratories is that all 
reasonable approaches to the problem should be 
pursued simultaneously, so that the final method will 
have the advantage of independent checks and in- 
dependent thinking. As one French physicist put it, 
“It would be most unwise to ignore any rational ap- 
proach.” At LCIE, studies have also been initiated for 
defining basic electrical quantities using nuclear 
methods, particularly proton moments. This work is 
still in an early stage. 


A-C Measurements 


While the researches in direct-current measurements 
are pushing closer to a goal of a part per million ac- 
curacy, work in alternating-current measurements, 
except for capacitance and inductance, lags some 100 
times behind. The difficulty of fixing standards in 
direct current is small compared to the difficulties 
found in alternating currents, and these difficulties 
mount rapidly as frequency increases. If the further 
requirement of portability is imposed, then the prob- 
lems become even more severe. At present, there is no 
national laboratory in the world which feels it is cap- 
able of measuring either alternating current or voltage 
to an accuracy of 0.01% with sufficient assurance to 
make a claim for such accuracy. At NPL, where an 
extremely elaborate electrometer method is employed, 
it is felt that under carefully controlled conditions and 
with due consideration for all variables involved, an 
accuracy of 0.05% for voltmeters, ammeters and watt- 
meters of suitable design can be certified. NBS also 
limits its certification to this 0.05%. 

One interesting and important project under way 
at NPL is the design and development of high- 
frequency current and voltage transformers which 


show accuracies of the order of 50 parts per million 
and better over a wide range of currents, voltages and 
frequencies. Such transformers have been built and 
tested, and reports of the results soon will be appear- 
ing in the literature. 

Simultaneously, at NBS in Washington, research 
continues on thermocouple-type instruments which, it 
is expected, will make an accuracy of 0.01% possible 
for at least current and voltage measurements through 
the audio range. Progress to date is encouraging. 

One final impression gained from visits to these 
laboratories and from continued work with several of 
the national laboratories, is that there is a clear need 
for a better exchange of information among the 
national laboratories of the world. It is surprising to 
find out how much more could be known by all the 
laboratories about the work of the others. Due to the 
extremely limited and closely watched budgets of all 
the national laboratories, personal visits are few and 
of short duration. 

In addition, the fact that the United States is not 
a subscribing member of the International Electrical 
Commission offers some further difficulties. The IEC 
is working hard towards an international standardiza- - 
tion of accuracy definitions and limits—a project 
which should be given the most sympathetic under- 
standing possible in the United States. Increased and 
continued cooperation among standards laboratories 
can do much to clarify the reasonable limitations 
which must be placed on basic standards, and the 
secondary developments of these standards. 


USSR 


Although a visit to the Soviet Union was impossible, 
a friend who serves on the International Electrical 
Commission supplies the following information about 
standards work in the USSR: 

The government agency in direct charge of all stand- 
ards is the /nstitute of Metrology at Leningrad. As in 
the United States and West Germany, there are 
branches of the Institute in other cities—a necessity 
in so large a country as the Soviet Union. The Soviet 
Union is represented on the IEC and regularly sends 
its basic standards to the International Bureau for 
comparison with those of other countries. These stand- 
ards compare favorably with those of the West. Other 
Eastern European countries also serve on the IEC and 
submit standards for intercomparison. The German 
influence is said to be particularly strong in Soviet 
instrument design, and the Soviet also purchases either 
directly or through its satellites many instruments from 
West Germany. The head of the Institute of Metrology 
holds the title of Professor (in all of Europe, both East 
and West, the highest intellectual title one can hold), 
and he has been a recognized leader for many years 
in the field of electrical instrumentation. Thus, it ap- 
pears that the Soviet Union is both capable of and 
interested in promoting better measurements. From 
exports being delivered to the USSR, from trade fairs 
and from technical meetings, there is every reason to 
believe that the Soviet Union is working just as hard 
and just as intelligently in basic nieasurements as are 
its Western rivals. 
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HOW SHOULD YOU EVALUATE POTENTIOMETER ACCURACY? 


Accuracy in an instrument is more than a matter 
of how closely measured values correspond to true 
values. Some potentiometers, for example, may be 
capable of sky-high accuracy—but only under ideal 
laboratory conditions. Other potentiometers may 
deliver consistent high accuracy . . . higher than 
you actually need . . . with the penalty of excessive 
cost. 


A realistic evaluation of potentiometer accuracy, 
then, involves consideration of stability and repro- 
ducibility as well as stated limits of error. By these 
criteria, Rubicon potentiometers, galvanometers 
and bridges should be YOUR choice. 


By any measure, the new Rubicon 2746 port- 
able potentiometer is an outstanding instrument. 
Ranges 0O—1.601 and O—0.1601 volts. Limits of 
error are constant, realistic, usable: high range— 
30 microvolts or 0.03% of reading, whichever is 
larger. Low range—3 microvolts or 0.045% of 
reading, whichever is larger. Depend on it for 
consistent accuracy. Write for Specification Sheet 
RS-27.46, for details. 


Rubicon accuracy stems from a long tradition of 
engineering excellence and a pride of craftsmanship 
that is not easily found these days. You can sense 
this about Rubicon instruments, even before you 
put them to work. And today the Rubicon tradition 
of the finest in measuring instruments is being per- 
petuated by both small refinements and major 
advances in design . . . to make the best even better. 
The complete line of Rubicon instruments is avail- 
able through any of the Honeywell branch offices 
across the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, 
Ridge Ave. at 35th Street, Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities of the world. 
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ASSOCIATION 


Instrument Accuracies 


This discussion defines the different types of instrument accuracies 
—namely, electrical accuracy, tracking accuracy, linearity and 
repeatability, primarily directed at d-c indicating instruments. 


GERALD STOLAR 
Daystrom, Incorporated 
Weston Instruments Division 


| HE DEFLECTING TORQUE produced in a d-c 

instrument is proportional to the product of the 
flux density in the instrument air gap (B), the current 
passing through the moving coil (1), and the number 
of turns on the moving coil (N). That is: 

T = KBIN 

The first term that needs defined is the term “error.” 
An error is any effect, condition, or phenomenon that 
causes a difference between the actual current or volt- 
age as read on a standard, in comparison to the indi- 
cated value read off the scale of the instrument. The 
equation discloses that errors could be caused by vari- 
ation in the characteristics of the torque spring, the 
flux density distribution within the air gap, and the 
number of turns actually wound on the moving coil. 

Errors also are caused by variations in (1) the 
mechanical construction of the instrument, (2) con- 
ditions such as temperature, stray magnetic fields, 
and magnetic mounting panels, (3) mishandling due 
to mechanical shock and electrical overload, and (4) 
exposure due to extreme environmental service con- 
ditions such as vibration, temperature, shock and 
humidity. 

Magnitudes of these errors are a function of the 





FEBRUARY MEETING—Michael's Restaurant (Din- 
ner $4). Feb. 1. Speaker—Dr. R. Bouche of 
Endevco Corp., will speak on “Force, Vibration 
and Shock Measurements.” 











individual instrument design, both mechanical and 
electrical, and the quality of the workmanship. 
Specific errors are as follows: 


1. FULL-SCALE ERROR 


“Full-scale error” exists if the actual full-scale cur- 
rent or voltage differs from the rated full-scale cur- 
rent or voltage of the instrument. Variations from de- 
sign value for the parameters in the equation defining 
torque of a moving-coil movement make it necessary 
to treat or “pull down” the flux density of the magnet 
in order to meet and maintain the accuracy require- 
ment. These variations typically are caused by neces- 
sary manufacturing tolerance for spring torque, flux 
density, and turns on the moving coil. 


2. BALANCE ERROR 


Balance error exists if the pointer moves when the 
movement is rotated. The moving element of pivoted 
instruments is supported on jewel bearings which pro- 
vide a low-friction support. Necessary static balanc- 
ing of such a system is accomplished by the use of 
adjustable balance weights along two mutually per- 
pendicular axes. Since the balancing operation can- 
not be mechanically perfect, some error will exist. 


3. FRICTION ERROR AND ROLL 


The turning action of the pivots in the jewel bear- 
ing causes some friction, which is apparent as a read- 
ing error in an instrument having a relatively low 
torque-to-weight ratio. The friction acts as a retarding 
torque, and can be eliminated by tapping the instru- 
ment lightly. When instruments are used in a vertical 
position, there is a tendency for the pivot to roll up 
the side of the jewel. This yields an additional error 
known as roll. Roll is also a function of torque-to- 
weight ratio and can be eliminated by lightly tapping 
the instrument. 


January 1961—Instruments & Control Systems—Page 85 
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MILLIAMPERES 
D.C. 


+ 5% ELECTRICAL ACCURACY @3 
+ 1% TRACKING ACCURACY SS 


+ 1% REPEATABILITY Sm 


FIG. 1. SCALE for a 100-ma 
meter with +5% electrical 
accuracy, +1% tracking ac- 
curacy and +1% repeatability. 


FULL SCALE CURRENT 103 MILLIAMPERES 


4. SCALE ERROR 

Scale data is obtained by applying fixed values of 
current or voltage to a group of instruments and meas- 
uring the resulting angular deflection. The angular 
deflection for a fixed current or voltage will vary as 
much as two degrees from instrument to instrument. 
The printed scale is designed by computing the average 
angular deflection for each cardinal point for the group 
of instruments tested. Therefore, all production instru- 
ments will not match the markings of the printed scale 
exactly, and any differences are known as “scale 
error. 


5. SPRING-SET ERROR 


Springs deflected for extended time intervals may 
not return to the original zero position when current 
is removed, “Spring-set error” is a characteristic of the 
instrument spring, and is sometimes referred to as 
mechanical hysteresis. After several hours a pointer 
will normally return most of the way to zero. This 
indicates that the spring-set error is composed of both 
a temporary-set error and a permanent-set error. The 
temporary-set error is usually at least four times as 
much as the permanent-set error, the exact ratio being 
a function of the type of spring material, the angular 
deflection, and other factors. 


6. MAGNETIC ERROR 

Magnetic error, caused by impurities located within 
the moving element which are magnetized by the in- 
strument magnet, acts like hysteresis in that readings 
taken by deflecting the pointer upscale will differ from 
readings taken by deflecting the pointer downscale. 
This type of error is most apparent in instruments of 
low torque-to-weight ratio and relatively high air-gap- 
flux density. 


7. TEMPERATURE ERROR 


Instruments will exhibit a “temperature error” 
whose magnitude is a function of each particular in- 
strument. Both the torque spring and the magnet are 
affected by temperature. The spring will decrease in 
torque with an increase in temperature whereas the 
magnetic flux will decline with increase in tempera- 
ture. These two effects are partially compensating re- 
garding their effect on the current required to pro- 
duce a given deflection. 
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8. FALL-OVER ERROR 


In any instrument there must be a fixed mechanical 
clearance between the dimension over the pivot ex- 
tensions of the moving element and the dimensions 
between the pit of the jewels. This is necessary in 
order to avoid binding of the moving element. Depend- 
ing on the amount of this clearance, or end play, the 
moving element can tilt in jewel; this will show up 
as a mechanical error which is designated fallover. 
With proper jewel settings this error can be kept to a 
minimum. 


9. EXTERNAL-FIELD ERROR 


Magnetic fields emanating from any source can 
alter the flux distribution and magnitude within the 
mechanisms air gap, causing an “external-field error.” 
Instruments using core-magnet mechanisms are practi- 
cally immune to the effects of external fields because 
of inherent self-shielding. The external field error is 
generally a temporary effect in that removal of the 
magnetic field eliminates the error. However, large 
external magnetic fields can produce a permanent in- 
strument error. 


10. MAGNETIC-PANEL ERROR 


Unshielded instruments will be affected by the proxi- 
mity of a magnetic panel due to the change produced 
in the stray field pattern of the instrument magnet. 
This “magnetic-panel error” can be compensated by 
calibrating the instruments when mounted on the 
specified panel. 


Accuracies 


The various accuracy terms can be defined accord- 
ing to the instrument errors discussed. When perform- 
ing accuracy tests, there are certain standardized con- 
ditions that must be specified. They are a function of 
both the type of instrument being tested and the end 
application. The manufacturer has a standard practice 
which defines these conditions as follows: 


a. Panel and switchboard instruments shall be tested with the 
plane of the instrument window in a vertical position, unless 
otherwise specified. 

. Portable instruments shall be rested with the plane of the in- 
strument window horizontal, unless otherwise specified. 

. Instruments shall be set on zero with the zero adjuster pre- 
ceding each set of readings, unless otherwise specified. 

. Instruments should be lightly tapped before taking each read- 
ing unless otherwise specified in the individual test require- 
ments. 





. Unless otherwise specified, a minimum of 6 meter readings 
shall be taken at approximately equally distant marked points 
on the scale, including the zero position and full-scale position. 

. Standard instruments used for tests shall be periodically cali- 
brated. Readings taken during each test shall be corrected for 
standard instrument errors, unless they can be considered 
negligible. 

Unless otherwise specified herein, all tests shall be conducted 
at a reference temperature of +-25°C, +2°C. 


The different accuracy terms are defined as follows: 


1. ELECTRICAL ACCURACY 

The “electrical accuracy” of an instrument is ex- 
pressed as a numerical tolerance in terms of percent 
of rated full-scale value. Electrical accuracy is the 
ability of an instrument to indicate at the division line 
being checked when energized by the corresponding 
rated value of current or voltage, plus or minus the 
product of the accuracy rating times the full scale 
rated value. All the errors described are not necessarily 
present in each and every instrument. Those that are 
combine to form a composite error which must be with- 
in the electrical accuracy tolerance established for the 
particular instrument in question. 

American Standards Association Specification C39.1 
governs requirements for commercial electrical indi- 
cating instruments. Aside from the electrical accuracy 
requirement, the specification defines limits for some 
of the errors discussed. These limits are designated 
as “influences” and are expressed as a numerical 
tolerance in terms of percent of rated full-scale value. 
Errors that essentially fit this category are, specifically, 
balance error, spring set error, temperature error, ex- 
ternal field influence error, and magnetic panel error. 


Fig. 1 shows a scale for an instrument having a 
0-100 milliampere range and a 5% electrical ac- 
curacy. This means that the instrument is within the 
electrical accuracy requirement of --5% if it indicates 
at the 40-milliampere division line with the applica- 
tion of a current within the range 35-45 ma. 


2. TRACKING ACCURACY 
Tracking accuracy for an instrument is expressed as 
a numerical tolerance in terms of percent of actual 
full-scale value. Tracking accuracy is the ability of an 
instrument to indicate at the division line being 
checked when energized by corresponding propor- 
tionate value of actual full-scale current or voltage 
plus or minus the product of the accuracy rating times 
the full-scale actual value. A proportionate value is 
defined as the product of the actual current or voltage 
required to deflect the pointer to the full-scale division 
line times the ratio of the rated scale value being 
checked to the rated full scale value of the instrument. 
That is, if V is the rated value of current for any di- 
vision line, F the rated value of current at full scale de- 
flection, I the actual value of the full scale current, and 
T is percent tracking accuracy, then tracking accuracy 
tolerance range at checked scale value equals 
(V/F) (I) + (T) (1) 
By this definition, tracking error can consist of all 
the errors discussed with the exception of “full-scale 
error” because the actual value of full-scale current or 
voltage is measured. When performing a tracking- 
accuracy test, the instrument should be carefully set 
on zero with the zero corrector. Therefore, tracking 
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errors for both the zero setting and full-scale setting 
of the instrument are meaningless; the former is set 
for no error, whereas the latter is measured for actual 
value. 

As an example, the instrument in Fig. 1 has a +1% 
tracking accuracy requirement, a +-5% electrical ac- 
curacy requirement, and a full-scale current of 103 
ma. Substituting these instrument values into the 
above equation shows that tracking accuracy toler- 
ance range at 40 ma is: 

(40/100) (103) = (0.01 x 103) 

This reduces to a value of 41.2 milliamperes +1.0 
milliampere. As depicted on the scale presentation, 
this means that the instrument is within the tracking 
accuracy requirement of +1% if it indicates at the 
40-milliampere division line with the application of a 
current within the range of 40.2 to 42.2 milliamperes. 

The test for tracking accuracy is performed on 
indicating instruments using the actual scale specified, 
whether it be a commercial scale or a custom configu- 
ration. 


3. LINEARITY 

The linearity or deviation of an indicating instru- 
ment is identical in definition to that of tracking ac- 
curacy, except that the test itself is performed with an 
instrument having a mechanically uniform, angularly 
divided scale. It is also expressed as a numerical 
tolerance in terms of percent of actual full-scale 
value. 

Linearity is a measure of the instrument’s degree of 
departure from a mechanically uniform, angularly 
divided scale. It is a design characteristic fixed for a 
given mechanism and a function of the magnetic sys- 
tem’s mechanical construction. It therefore should not 
be considered as a variable. 


4. REPEATABILITY 


Repeatability accuracy of an indicating instrument 
is expressed as a numerical tolerance in percent of 
actual full-scale value. Repeatability accuracy is the 
ability of an instrument to repeat its readings taken 
when deflecting the pointer upscale by the reading 
taken when deflecting the pointer downscale. The cur- 
rent or voltage obtained by deflecting the pointer down- 
scale to the division line being checked should equal 
the current or voltage obtained by deflecting the 
pointer upscale to the division line being checked plus 
or minus the product of the accuracy rating times the 
full scale actual value. 

Repeatability specifically measures the composite 
error caused by friction or roll, spring set, magnetic 
impurities, and fall-over. In order to include the fric- 
tion error, the test is performed by setting the pointer 
to the division line with no overshoot and without 
any tapping. 

As an example, let us assume the instrument in Fig. 
1 indicates 40-milliamperes with a 40-ma applied cur- 
rent, going upscale. Then the instrument is within 
the repeatability requirement of 1% if, going down- 
scale, it indicates 40-milliamperes with the applica- 
tion of a current within the range of 39.0 to 41.0 
milliamperes. 
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(on) ECTIC™ MEASUREMENTS 


MARVIN STEINBERG 


Sensitive Research Instrument Corporation 


C ANADA, England, Australia and other countries 
operate and maintain excellent national stand- 
ards laboratories. However, specific information con- 
cerning the capabilities and policies of these organiza- 
tions has not been made readily available in the United 
States. Such knowledge is not only of academic inter- 
est; it is of importance to the purchaser of imported 
equipment who desires to obtain quality assurance 
testing prior to shipment from a foreign supplier. (This 
is often a worthwhile procedure in view of the time and 
expense involved in bringing equipment into this coun- 
try.) In particular, not enough publicity has been given 
to the fine standardization of the National Research 
Council (NRC) in Ottawa, Canada, which deserves 
special attention because of (1) its proximity to the 
United States and (2) the recent modification of the 
Buy American Act for certain classes of equipment 
originating in Canada, which was prompted by a Con- 
gressional desire to broaden our mobilization base. 
When Sensitive Research Instrument Corporation 
started to market “COMMANDER” instruments,* it 
was faced with the problem of showing traceability to 
the National Bureau of Standards in either Washing- 
ton, D. C. or Boulder, Colo. As NBS operates with lim- 
ited funds and personnel, this would have imposed on 
NBS facilities a large additional work load in the form 
of Guildline equipment, whose purchasers would in 
most cases demand NBS certification. As a result, Sen- 
sitive Research contacted Dr. Chester H. Page of NBS, 
requesting information as to whether it would be feas- 
ible for Sensitive Research to provide NRC Test Re- 
ports where customers required an outside calibration 
service, Dr, Page answered the inquiry and noted that, 
from a technical standpoint, there should be equal 
validity attached to either an NBS or NRC certification 
or report. This letter of high significance points out 
(1) it is up to the user of the equipment to determine 
whether or not to accept an NRC test report and (2) 
the decision in this regard need only be based on indi- 


*Manufactured by Guildline Instruments, Ltd.—former- 
ly Tinsley Instruments (Canada), Ltd. 

A paper given before the Metrology Division, ‘Los 
Angeles Section, American Society for Quality Control, 
August 26, 1960 
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Equal validity can be attached to either an 
NBS or NRC certification or report. This 
offers manufacturers of precision instru- 
ments an important alternate source for 
certification demanded by purchasers. 


vidual administrative problems or attitude toward ac- 
ceptance of a report other than one issued by NBS. 

Sensitive Research contacted NRC immediately after 
receipt of Dr. Page’s letter to find out what the NRC 
position was towards the testing of equipment designed 
for American users. NRC indicated that this was en- 
tirely satisfactory, and gave a schedule of fees, a por- 
tion of which is shown in the Table. Sensitive Research 
is now having testing accomplished at NRC for many 
of its customers in the United States, However, as 
many customers are not familiar with the facilities or 
reputation of NRC, most requests are still for NBS 
Certification. 

It is interesting to note that NRC faces the.same 
problems as NBS. Both are anxious to devote more 
time to the development of procedures and instruments 
for the accomplishment of “tomorrow’s measure- 
ments.” However, such efforts are considerably re- 
tarded by the large volume of routine testing that is 
demanded of each facility. 


The Test Report and the Certificate 
There is one basic procedural difference between 
NRC and NBS. It is the policy of NBS to issue either 


a Certificate or a Test Report, whereas many other 
standards laboratories issue only Test Reports. 


NBS Test Reports 


Only a Test Report is issued for a particular instru- 
ment if NBS has not previously tested a statistical 
number of like instruments over a period of time. The 
Test Report is merely a recording of the figures ob- 
tained for a particular instrument submitted to them. 
NBS often adds probability factors to the actual re- 
sults obtained in order to arrive at a final figure given 
in the report. NBS will always state, when applicable, 
that a lack of past history makes it impossible to assess 
the probable stability and reliability of the instrument. 
For this reason, in general, only Test Reports are is- 
sued for instruments of recent design, or for instru- 
ments whose long-term performance is as yet unde- 
termined. 





NBS Certification 


A certification is a Test Report on equipment on 
which NBS has compiled a past history over a period 
of years. The certification indicates that NBS thinks 
that the accuracy and repeatability guaranteed for the 
equipment will most likely be as the manufacturer 
states in his warranty. NBS will issue a Certificate 
usually only after it has retested an instrument many 
times with repeatable results, or has seen a great quan- 
tity of the same equipment. An example of the type of 
evaluation implied in a Certificate is given in the fol- 
lowing excerpt from such a document as published by 
the Resistance and Reactance Section of the Electricity 
Division: 


“1. Accuracy—At the time of test, the value of 
resistance given in this certificate was probably 
correct to the last figure given. The accuracy 
shown is based upon this Bureau’s record of the 
stability of the resistor, or, for resistors submitted 
for the first time, upon experience with resistors 
of the same type. Ordinarily, resistors submitted 
for calibration for the first time will be certified 
to 0.005 percent and their values given to 0.001 
percent. On subsequent tests high-quality resistors 
will be certified to 0.002 percent. It is expected that 
the resistance value will be reliable to the accu- 
racy given for at least 1 year from the date of test. 

2. Stability—An investigation of data on both 
sealed and unsealed standard resistors tested at 


this Bureau showed that the average annual change 
did not exceed 0.001 percent for nearly 90 percent 


of the standards. Rapid changes of several times 
that amount often occur immediately after the 
breaking of the seal of a container. Many unsealed 
resistors, especially those of 100 ohms and above, 
undergo seasonal changes which may amount to 
several hundredths percent even when the average 
yearly change is small.” 


NRC 


NRC will issue a Test Report only. NRC policy is 
not to predict the future accuracy of any particular 
piece of equipment although, like NBS, they will point 
out accuracy and stability probability factors. They 
will, however, guarantee only that they obtained a 
certain set of figures—at a certain date—on one indi- 
vidual instrument. 

There is an interesting point here because in effect 
NBS says the same thing as does NRC, regardless of 
whether it issues a Test Report or a Certificate. In 
other words, the NBS Certificate is only for an in- 
dividual instrument. Since many users think NBS, by 
issuing a Certificate, is implying acceptance of all in- 
struments manufactured of that type, there is room for 
misunderstanding, and there has been some specula- 
tion in the past as to the value of issuing two types of 
documents. 

Brochures describing NRC testing facilities are avail- 
able from NRC. In much the same manner as our own 
NBS, maximum cooperation has been given by NRC to 
industrial research and development firms. It cannot 
be over-emphasized that both organizations offer their 
services with enthusiasm, and extend their beneficial 
influence into industry far beyond what their limited 
operating funds would seem to permit. 


Buy American Act 


The Buy American Act has been revised recently. 
Certain Canadian electrical and electronic test equip- 
ments come under Federal Class Code 6625 and, in 
accordance with ASPR6-103 and 6-104, restrictions 
for procurement by the military have been removed. 
The United States and Canada now have a reciprocal 
agreement whereby manufacturers in both countries 
can bid without prejudice for either United States or 
Canadian Government contracts. This is as beneficial 
to United States manufacturers as to Canadian. Most 
people are unaware of the fact that if Canadian equip- 
ment is purchased with Government funds for an ap- 
plication involving National Defense, it can be brought 
into this country duty-free. 





Number Description of Test Fee 





Electricity and Mechanics 


NOTE The Section is prepared to make many electrical and 
mechanical measurements in addition to those quoted. 
The charges in such cases are based on the accuracy re- 
quired and the time involved to make the measurement. 


Specific tests with fixed fees are listed below. 
Standard Cells 


18-2-1-1 Determination of e.m.f. of unsaturated 
standard cell at room temperature (21° 
+1°C) 

18-2-1-2 Determination of e.mf. of unsaturated 
standard cell at specified temperature in 
range 22° - 40°C 

18-2-1-3 Each additional cell at same time and same 
temperature 

18-2-1-4 Determination of e.m.f. of saturated stand- 
ard cell at controlled fixed temperature 
(28°C) 
Other temperatures by arrangement. 


Potentiometers 


18-2-2-1 Standardization of a potentiometer with a 
minimum subdivision of 100 microvolts 

18-2-2-2 Standardization of a potentiometer with a 
minimum subdivision between 10-100 micro- 
volts (less than 100 points checked) 

18-2-2-3 As above, but when more than 100 points 
checked - Vernier type 

18-2-2-4 Standardization of a potentiometer with a 
minimum subdivision of less than 10 micro- 
volts 


NOTE The minimum subdivisions above apply to a 
multirange potentiometer when used on the XI-0 
range. Multi-step voltage dividers (Kelvin-Varley 
type) will be assessed as a potentiometer with 
| volt impressed on the input. 


Volt Boxes 
18-2-3-1 Test for ratio on one range at voltages up 
to rated voltage, not to exceed 1500 volts 
18-2-3-2 Test on each additional range 
18-2-3-3 Test at an additional voltage on same 
range 
18-2-3-4 Minimum fee for testing Volt Boxes 


Resistance Measurements 

18-2-4-1 Determination of resistance of standard 
resistor (decimal multiples and sub-multi- 
ples of one ohm). Normally in oil at 25°C. 
Other temperatures by request 
Determination of resistance of standard 
resistor (not a decimal multiple or sub- 
multiple of one ohm). Normally in oil at 
25°C. Other temperatures by request 

18-2-4-3 Determination of temperature coefficient 
of resistance in the range 15° - 30°C 40.00 
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FOUR- AND THREE-TERMINAL 
RESISTANCE MEASUREMENT 


Four-terminal measurements increase ac- 
curacy of low-resistance measurements; 3- 
terminal for high-resistance measurements 


y_— TERMINAL 

RESISTANCE 

. (VARIES WITH 

~ CONTACT FORCE ETC} 

™ LEAD ~ 
RESISTANCE 
(VARIES WITH 
TEMPERATURE ETC) 


UNKNOWN 
RESISTOR 


Rininioeal 
RESISTOR 
LEAO 


STRAY RESISTANCES 


ena sesegild 
BRIDGE 
TERMina, CONNECTION 


BALANCE EQUATION X= s(4) — (STRAY RESISTANCES) 


FIG. 2. WHEATSTONE bridge measures stray 


resistance plus unknown. 


sow 
STRAY LEAD AND 
CONNECTION RESISTANCE 


BALANCE EQUATION: Xx = S(i+e) Age x (I-e-t) =» s() 


FIG. 3. WHEATSTONE bridge with reduced effect 


from stray resistance. 


FIG. 4. FOUR-TERMINAL 
connection using the ESI 
Model 23! resistance 
bridge. 
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JACK RILEY 


Electro Scientific Industries 


Te total resistance between two terminals in- 
cludes stray lead and connection resistances (Fig. 
1). When making precise resistance measurements 
these strays must be considered. Fig. 2 shows these 
stray resistances in the familiar Wheatstone bridge 
circuit. If the lead and contact resistances were fixed, 
we could measure them separately and subtract them 
from the bridge reading. Unfortunately, lead and 
terminal resistances usually have high temperature co- 
efficients, so that small changes in room temperature 
cause large changes in their values. Also, connection 
resistance is influenced by dust, oxide and other con- 
taminants, and by the force applied to the terminals. 
If the unknown resistance is near the stray resistance 
in value, large errors in bridge measurement result. 


Four-Terminal Resistance Measurements 
for Low Resistances 

In the two-terminal measurement shown in Fig. 2, 
the junction points are at the base of the bridge termi- 
nals. In Fig. 3 a four-terminal resistance connection 
is shown. By bringing four leads out from the bridge, 
the junction points have been moved onto the resistor 
being measured. The stray resistances are now in 
series with (1) the generator, (2) the detector and 
(3) the bridge arms A and S. The resistances in series 
with the generator and detector are not involved in the 
bridge measurement circuit and have no effect on the 
accuracy of the measurement. Resistance in series 
with bridge arms A and S, however, must now be in- 
cluded as a part of resistors A and S. 

In Fig. 3 values have been assigned to the resistors. 
With the 4-terminal connection shown, the stray re- 
sistances will cause 2 ppm error (0.02 ohm in 10k 
ohms). However, with the bridge connected conven- 
tionally as in Fig. 2, a resistance of 100.02 ohms would 
be read from the bridge dials; this is a 200-ppm error 
in the resistance measurement. The lower the resistance 
being measured, the greater the advantage from the 
circuit of Fig. 3. 

Commercial Wheatstone bridges often can be con- 
nected for this type of four-terminal measurement. 
Fig. 4 shows these connections for the ESI Model 231 
Resistance Bridge. 





Kelvin Clips 

Spring clips with jaws insulated from each other 
(Fig. 5) permit rapid connections for precision four- 
terminal measurements. These clips have been named 
“Kelvin Klips” at ESI in honor of Lord Kelvin’s con- 
tribution to four-terminal measurements. 

Each clip has two leads; a wire is connected to each 
jaw of the clip. This provides a four-terminal connec- 
tion to the resistance being measured. Only two clips 
are needed, one on each pair of leads. The four-termi- 
nal technique prevents any decrease in accuracy even 
though such clips may have a variable connection re- 
sistance of a few milliohms. This is true even when 
measuring resistances which are lower than the resist- 
ance of the clips. 


Three-Terminal Resistance Measurements 

for High Resistance 

When a resistor is mounted between two terminals 
on a terminal board made of insulating material, the 
leakage resistance of the board shunts the resistor. 
However, when the resistor is mounted between in- 
sulators on a metal terminal board (Fig. 6), the leak- 
age is all to the metal board. A three-terminal measure- 
ment using the metal board as the third terminal can 
give the true value of the resistor with no measurable 
effect from the leakage. 

The third terminal (the case or mounting” plate) 
is connected to a Wheatstone bridge as shown in Fig. 
7. Note that leakage resistance R2 is now across the 
detector, and causes no error. Re is usually larger than 
the meter resistance and merely reduces the latter’s 
sensitivity slightly. 

Leakage resistance R, is across resistor A and does 
change its value slightly. With good insulation ma- 
terials the resistance of R; can be made so much higher 
than that of A that this change also can be neglected. 
Thus, with the three-terminal connection, the resistor 
can be measured to high accuracy even though its 
resistance may be many thousands of megohms, and the 
leakage resistances of the same order of magnitude (as 
might be true on a humid day). 

Fig. 8 shows the method of making three-terminal 
connections when using the Kelvin circuit. Here both 
the standard S and the unknown X can be connected as 
three-terminal resistors. When the resistances of X 
and S are high, the circuit on the right is a good ap- 
proximation of the measurement condition. The leak- 
age resistances Ry and Ry, are across the detector and 
cause no error; R,; and Rs; are across relatively low- 
resistance bridge arms so that normal leakage values 
do not give measurement errors. 

The ESI Model 230-R Bridge (Fig. 9) measures 
to 12 gigohms (kilomegohms), and the ESI Model 
240-R Bridge can be used for even higher values. 
These bridges are guarded—they are constructed so 
that insulator leakage paths never appear in parallel 
with the resistor being measured. 

In the ESI Model 240-R Kelvin Ratio Bridge, all 
of the terminals are mounted on bushings which pass 
through the metal chassis. By connecting the chassis 
to Point D (of Fig. 8) all of the bridge leakage is 
across either the detector or a low-resistance bridge 
arm. Terminals connect the third terminal of three- 
terminal resistors to the chassis. 


FIG. 5. "KELVIN 
KLIPS" for 4-ter- 
minal measure- 
ments. 
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FIG. 8. THREE-TERMINAL connections to a Kelvin 


bridge. 


FIG. 9. GUARDED bridge for 3-terminal measure- 


ments. 
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DIGITAL VOLTMETER uses Iso-Ohmic Kelvin- 
Varley voltage dividers. 


THE ISO-OHMIC VOLTAGE DIVIDER 


A modification of the Kelvin-Varley voltage 
divider offers improved stability plus ease of 
manufacture by using resistors of one value. 


PETER J. VAN BENSCHOTEN 


Non-Linear Systems, Inc. 


five-decade instrument; a five-decade instrument will 
meet its accuracy specifications when it is new, but 


ib THE familiar Kelvin-Varley voltage divider, 
long-term drift of the small encapsulated resistors may 


each decade is composed of resistors one fifth the 


value of the adjacent more-significant decade (Fig. 1). 

The user of a laboratory-standard (0.001% to 
0.0001% accuracy) voltage divider generally can rest 
assured that this 5:1 resistance ratio between decades 
is and will remain precisely correct because of the 
physical configuration of their resistors—they are 
large and not encapsulated. In digital voltmeters of 
0.01% accuracy, however, encapsulated resistors are 
utilized to provide compactness and ruggedness under 
field conditions. Experience has shown that these 
resistors can be made with surprising precision and 
stability, and are adequate for a four-decade instru- 
ment in all respects. This, however, is not true for the 


Abstracts from paper presented at 10th annual AIEE 
Machine Tool Conference. 


DECADE 3 
ll RESISTORS 11 RESISTORS 11 RESISTORS 
5K EACH 1 K EACH 200 EACH 


10 VOLTS 8-90 


DECADE 1 DECADE 2 


degrade its performance a year later. 

A solution to this problem. consists of modifying 
the Kelvin-Varley divider so that all decade resistors 
have the same value. Fig. 2 shows the new divider, 
which has been appropriately named “Jso-Ohmic.” 
The basic principle is the fact that 50K in parallel 
with 12.5K is 10K ohms. The principle is shown in 
Fig. 2. 

The divider was developed to provide exceptional 
stability for five-digit voltmeters, and was first applied 
to the new five digit NLS }.odel V35 digital volt- 
meter which offers full five-digit (0.001%) resolu- 
tion. Note that the least-significant decade is identical 
to all other decades; all decades are completely inter- 
changeable. Tests for more than a year have proved 


DECADE 4 
10 RESISTORS 


40 EACH 





FIG. |. 


CONVENTIONAL 


KELVIN-VARLEY voltage di- 
vider circuit. Each decade (ex- 
cept the last one) has eleven 
resistors, two of which are 
shunted by the next decade. 
As 2 resistors out of the (es- 
sentially) 10 resistor divider are 
in parallel with the succeeding 
divider, each resistor in one di- 
vider must have one fifth the 
value of the resistors in the 
succeeding divider. 
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OECADE 1 OECADE 2 DECADE 3 
ll RESISTORS {1 RESISTORS tL RESISTORS 


SK EACH 5K EACH 5K EACH 
8-90 


DECADE 4 
10 RESISTORS 


SK EACH 








Cj 
z PADDER 2 5KS PADDER 3 
; 8-888 











8,689 


8.867 


8.886 
: 11 RESISTORS 
0-086 5K EACH 





5k2 PADDER 








FIG. 2. ISO-OHMIC voltage divider uses resistors of 


the same value (5K) in every decade, and uses a padder so 


that the resistance between points A-B, C-D, etc. is exactly 5K ohms. Each padder (see lower right) comprises four 
5K resistors, with an effective total resistance of 12.5K ohms. This 12.5K ohms, in parallel with 50K (the resistance 
of one chain), equals 10K ohms. This 10K is in parallel with two 5K resistors in the divider; hence the resultant re- 
sistance between points A and B is 5K, and decade | is a simple decade divider. Similarly the 50K total re- 
sistance of decade 3, in parallel with the 12.5K of padder 2, is 10K ohms. This results in 5K ohms between C and 
D. Final divider can be a conventional divider (as at left) or other iso-ohmic divider (as at right). 


that the Iso-Ohmic Bridge is adequate for five-decade 
instruments. As all resistors are wound with the same 
number of turns of the same size wire, having the same 
temperature coefficient, the effects of any long-term 
drift tend to cancel, and the divider remains linear. If 
desired, the four 5K resistors used to “pad” each 
decade could be replaced by a single 12.5K-ohms re- 
sistor. 

Beside providing a more stable voltage divider for 
the user, Iso-Ohmic construction not only reduces the 
number of types of precision resistors to be manu- 
factured or purchased and stocked, but also permits 
use of resistors that are not uncomfortably high or 
low values of resistance on the extreme ends, where 
five or more decades are used. 

The standard Wolff-Poggendorf* voltage divider 


*The name “Poggendorf” is applied to most poten- 
tiometer circuits because Poggendorf originated the 
potentiometric measuring techniques. Sometimes, how- 
ever, the name Poggendorf is omitted from various 
dividers. The major difference between the Wolff-Pog- 
gendorf divider and the Kelvin-Varley divider is that 
in the Kelvin-Varley divider each decade is shunted 
across resistors of the previous decade, and the switch- 
ing circuit used results in fewer resistors (in the case 
of a four or five decade divider). In the Kelvin-Varley 
circuit, all resistors are in use at every position of the 
divider. In the Wolff-Poggendorf type divider, when a 
resistor is placed into the upper half of the divider, a 
resistor is taken out of the lower half, with the result 
that half of the resistors of the divider shown are 
generally unused. 

It is possible to construct a four decade Wolff-Pog- 
guene circuit with as few resistors as a four-decade 

elvin-Varley circuit has. This is usually not done be- 
cause the switching circuit required for such a divider 
is much more complex and is often uneconomical, even 
though fewer resistors are used. 


(Fig. 3) can be made iso-ohmic by adding 5.555... K 
padding resistors (resistors shown by dotted lines) 
and changing all the decade resistors to 5K. If the 
advantages of completely iso-ohmic construction is 
desired, each 5.5555 . . . K padder can be assembled 


from six 5K resistors. 


5K EACH 500 EACH 
10 8 




















FIG. 3. WOLFF-POGGENDORF divider uses two 
divider chains per decade, and uses part of each 
chain in series with succeeding decade. As one re- 
sistance chain is increased, the other is decreased. 
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FIG. |. 


BUILT-IN Schering bridge with accessories; also various-sized loss-free compressed-gas ca- 


pacitors. Height of large capacitor is seen by comparison with sketch of man. 


Schering Bridge 


The Schering bridge permits the measure- 
ment of capacitors, including loss factor, at 


PETER LETICA 
Epic, Inc. 


voltages up to and beyond a million volts. 


T HE SCHERING BRIDGE (Fig. 1) can be used 
for measuring accurately the dielectric loss fac- 
tor (tan 8) and the capacitance of grounded or un- 
grounded test objects, both at high and low potential. 
The loss factor (tan 8) is a measure of dielectric energy 
losses. When determined as a function of the voltage, 
the measurement of this variable also permits im- 
portant inferences regarding the behavior of insulating 
material under high voltage. Thus it is important to 
test all components under high-voltage stress by tan 8 
measurements. 

The bridge voltage used is limited only by the stand- 
ard-capacitor used; the present standard capacitor for 
maximum voltage is presently 1400 kv (1.4 megavolts) . 
The Schering bridge permits determination of the loss 
factor from approximately (2) (10-5) to 1.111. An ex- 
ternal capacitor (see Fig. 1) extends this measuring 
range further. The capacitance range depends on the 
capacitance of the standard capacitor. With a standard 
capacitor of 100 pyf the measuring range is from 3 
puf to 10uf. When using separate shunts, the measur- 
ing range can be extended beyond 1000 uf. 

The bridge is suitable also for determining the di- 
electric constant of solid and liquid insulating mate- 
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rials. It is possible to measure the loss factor and the 
capacitance of dry capacitors and electrolytic ca- 
pacitors of all types with low voltage. A special Scher- 
ing bridge can be used with an oscillograph for deter- 
ming the voltage of the beginning of the corona dis- 
charge. 


Principle 


The Schering bridge is used to measure the loss 
factor and the capacitance of the test specimen C, 
(Fig. 2). It is especially suitable for tests carried out 
at high potential, but the same considerations can be 
applied to simpler low-voltage measurements. The 
high-voltage-proof, no-loss standard capacitor C, 
and the test specimen C, each form one arm of the 
bridge. Common point 2 is at high voltage. The two 
remaining arms of the bridge are formed by the vari- 
able resistance Rg and the resistance R,. Variable 
capacitor C, is in parallel with Ry. At balance, the 
setting of resistance Rs is a measure of the capacitance 
of C,, and the setting of the capacitor Cy is a measure 
of the loss factor (tan 8). The instrument used for 
balancing the bridge can be a null indicator or 








FIG. 2. SCHERING BRIDGE, basic 


diagram. 


galvanometer. The null indicator should respond only 
to the basic frequency to obtain a satisfactory balance, 
even if the voltage contains higher harmonics. 

After amplitude and phase have been balanced: 

C, = C,(R4/Rs) ; tan § = oRyCy 

Resistance R, is so selected that the value of Cy, is 
in decade relation to tan 5. Normally, this resistance is 
calculated for a measuring frequency of 50 cps and 
has the values 1000/2 or 10000/x. If required, it also 
can be designed for other measuring frequencies, such 
as 60 cps. 

The secondary side of the high-voltage transformer 
and bridge point 1 are at ground potential. Resistances 
Rs and Ry, and capacitor C, are so dimensioned that 
the corner points 3 and 4 of the bridge, and thus the 
measuring equipment, are at low voltage. If one ca- 
pacitor coating of the test specimen is connected to 
the case (e.g., coiled cable), the latter must be in- 
sulated against ground. However, this insulation need 
only be sufficient for low voltage. If the test object is 
grounded by necessity (e.g., an installed cable) the 
Schering bridge can be used for carrying out the test 
in accordance with either of two methods: 














FIG. 4. MEASURING earthed test 
objects by means of auxiliary equip- 
ment. 





ELECTRICAL MEASUREMENTS; 
9 








FIG. 3. SCHERING BRIDGE with the 
corner (point 2) of the bridge 
earthed. The bridge is mounted so 
that it is insulated from the ground, 
and is controlled by rods. 


The first method has the measuring equipment in- 
sulated with regard to high voltage and remotely con- 
trolled by rods, as in Fig. 3. Corner point 2 is now 
grounded. This method should always be used if the 
voltage supply is ground. 

The second method for measuring grounded test 
objects renders the interfering stray capacitances in- 
effective by auxiliary equipment and pre-balancing 
(Fig. 4). Point 3 on the bridge is now grounded, but 
neither side of the voltage supply is grounded. When 
employing this method, insulated mounting of the 
Schering bridge is unnecessary. This method requires 
that the voltage supply be disconnected from ground. 

The Schering bridge is chiefly used in the electrical 
and chemical industry to study the quality of insula- 
tion material between two conductors at different 
potentials. The quality of insulation material should 
be permanent, so that it will never vary because of 
voltage, temperature or the length of time in use. Ex- 
amples of practical use of the Schering Bridge are 
measurements on: capacitors, cables, insulation equip- 
ment, power and other transformers, switches, genera- 
tors, motors, synthetic materials and insulation oils. 


FIG. 5. SCHERING BRIDGE. 
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FIG. |. ELECTRONIC 
Metrology Lab of Kear- 
fott's Metrology Dept. 


ELECTRONIC METROLOGY DEPARTMENT 


Here are the facilities, procedures, equipment 
capabilities of the Electronic Metrology Sec- 
tion of an experienced metrology department. 


T= METROLOGY DEPARTMENT, part of 
Kearfott’s Quality Control Branch, is respon- 
sible for the control of inspection tools and gages, 
electronic standards, calibration, certification, and 
preventive maintenance measures. Functioning within 
this department are the Electronic Metrology Section 
and the Mechanical Metrology Section. Each section is 
staffed by experienced and skilled engineering and 
technical personnel who work under the direction of 
the Chief Metrology Engineer. 

The Electronic Metrology Section performs Master 
Reference surveillance, inspection, and calibration of 
test equipment for electrical characteristics as well as 
time, frequency, angular measurement, temperature, 
pressure, and vacuum. In addition, this section super- 
vises the activities of the Electronic Metrology Lab. 

All standards in the Metrology Department are reg- 
ularly submitted for certification to the National Bu- 
reau of Standards, or to other primary level agencies 
which, in turn, submit them to the National Bureau. 
To provide maximum certainty that certified values 
remain in tolerance, cross references between stand- 
ards are performed constantly. 
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Facilities and Procedures 


Each laboratory encompasses an area of 1000 square 
feet in specially designed rooms isolated from the rest 
of the building. All measurements and calibrations are 
performed on special work tables under stringent en- 
vironmental conditions of temperature and humidity: 
temperature is maintained at 68°F +1° in the Me- 
chanical Laboratory, and 72°F +1.5° in the Elec- 
tronic Laboratory; relative humidity in both labora- 
tories remains constant at less than 50%. Carefully 
designed lighting conditions provide shadowless and 
glare-free illumination; an acoustical ceiling mini- 
mizes noise; access to the laboratories can be achieved 
only through an air lock, and all personnel are re- 
quired to wear nylon smocks. 

Working standards received in the laboratory are 
allowed to become temperature stabilized before cali- 
bration is performed. 

Since calibration examinations in excess of 15,000 
per year are performed by the laboratories, punched- 
card systems are used to assure an accurate record 
and an even distribution of work. 








ELECTRICAL EEE Cn) 


TABLE 1—ELECTRICAL EQUIPMENT 
CAPABILITIES 


RANGE ACCURACY 


*AC and DC VOLTAGE 0-1500V to 20 keps 0.05% 
AC Voltage: Thach Voltmilliammeter +0.2% 
DC Voltage: |. B.S. Voltmilliammeter +0.05%, 

2. K-3 Potentiometer +0.03% 
3. Volt Box +0.03% 
4. Fluke Power Supply +0.03%, 


AC and DC CURRENT _ 0-15 amp to 20 keps sr 
+0.1% 
AC Current: Thach Voltmilliammeter +0.2% 
DC Current: |. B.S. Voltmilliammeter +0.05% 
2. K-3 Potentiometer +0.05% 
3. Shunt Box +0.05% 
4. Fluke Power Supply +0.05%, 


*RESISTANCE 0.000! ohms to +0.01% 
100 megohms 


{ 


yea ae. ar ay ay, ee, es 424 oe 








Standard Resistors Referenced to N.B.S. 
1 ohm 
10 ohm 
100 ohm 
1000 ohm 
10000 ohm 


*|NDUCTANCE 100 zh to 10 henries 0.1% 
(0.1uh to I henry with an accuracy of +0.2%) 
Type 667-A Inductance Bridge Atop Kearfott's Plant #3 in Little Falls, N. J., this 


*CAPACITANCE 0.1 uufd to 10 ufd +0.1% antenna enables the lab to pick up accurate ag 
Type 1610-A capacitance measuring ass'y +0.1% and time standard signals emanating from , 
a ahs a es stk cecanclliiaeaieal which broadcasts frequency and time signals used as 

ubstitution Metho .1 putd to as high as available standards standards throughout the world. 


**FREQUENCY to | Mes 3 pts in 10” 
Electronic Counter 524D 10 cps to 10.1 Me +1 count +5/10° 
TABLE 2—EQUIPMENT AND SUPPLIERS 


**TIME EQUIPMENT SUPPLIER 


WWYV Receiver 1 part in 10” Sensitive R h 
TEMPERATURE —76°F to 395°F + 0.01°F Red See Sensitive Reshareh 
yo Rs = sl po . K-3 Potentiometer ae — oa 
Precision Laboratory Thermometer Set ie ’ be say ll Suppl John Fluke ag 
Leeds and Northrup Millivolt Indicator 4 Shunt Box pe" Leeds and Northrup 
Seen — Furnace . Type 667-A Inductance Bridge General Radio 
an “g = rt aad eng eny . Type 1610-A Capacitance Meas. Ass'y General Radio 
a Te TPS ectronic Counter 524 D phew ees ee 
PRESSURE 0- | ; . WWV Receiver eckman teley 
50-8500 psi . Precision Laboratory Thermometer Set Fisher Scientific 
Precision low pressure test gages ; Teeodified by Keartott Furnace Scientific Glass 
Dead weight test modified by Kearfo 
ead weight tester . Standard Thermocouple Assemblies = Leeds and Northrup 
VACUUM atmospheric to . Millivolt Potentiometer Type 86-86 Leeds and Northrup 
High vacuum pumping station 10 mm HG . High Vacuum Pumping Station Veeco 
Master vacuum gages . Master Vacuum Gages Master McLeod Gage 


* Fixed standards of DC voltage, resistance, inductance, and pera ee 
capacitance are available in higher orders of accuracy. Note: Mention of supplier does not constitute endorsement. All 


** Specified according to WWV transmission from N.B.S. sources should be checked for latest developments. 


CPOEOnNOnMaAwn — 





COMING NEXT MONTH: . Thin-Film Memories (Memory Series, started in 
Dec., issue). 


in February, the topic for special emphesis will be 7. Analytical Techniques for Stream Control 
pressure measurement and control, and the following 
articles will appear: . The Six-Dial Thermofree Potentiometer (PMA 
Journal) 
9. Process Control Systems 
10. The Simulation Council Newsletter 


1, Potentiometer Pressure Pickups 
2. Bourdon-Tube Gauges 

3. High-Pressure Measurement 

4. Decimal to Binary Converter (Digital Series). I. 
5. The Computer as a Component (Digital Series). 12. Survey of Calibration Consoles 
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Accelerometer Calibration 





Instrument Calibration 


TT PAST DECADE has seen an ever-increasing 
need for accurate and rapid means of calibrating 
measuring instruments in the 3% to 0.1% class. 
Early techniques involved the use of a standard meter 
having an accuracy at least twice as good as the meter 
under test, and a power supply common to both me- 
ters. The standard and test meter were connected in 
parallel for voltmeter calibration, and in series for 
current calibrations. The major drawbacks to this ar- 
rangement were the wide variety of standard meters 
necessary for complete calibration coverage of all 
meters which might be encountered, and the possibil- 
ity of damage to the standard meter due to misad- 
justment of the power supply. Often the standard meter 
would be used as a working reference meter in experi- 
mental circuits, thus adding to the danger of overload 
damage or burnout of the standard. 

The United States Naval Research Laboratory, in 
the late 1940’s, contracted with Radio Frequency 
Laboratories, Inc. to design a-c and d-c self-contained 
instrument calibration consoles having the maximum 
accuracy commensurate with operator and instrument 
safety. 

Consoles of two general methods were developed 
and are presently in use—the direct-comparison meth- 
od and the regulated-power-supply method. 

In the direct-comparison method the standard quan- 
tities are determined by reading the meter, Brooks 
deflection potentiometer, or null-balance potentiometer 
used in the console as a standard. The regulated-pow- 
er-supply console makes use of a standard a-c or d-c 
reference emf, servo amplifiers, and regulated power 
supplies which are controlled by means of the servo 
amplifier. The output emf or current is adjusted by 
means of several dials controlling ratio-transformer 
taps or resistive decades. The output quantity is de- 
termined by appropriate markings on the several 
range and control dials. 
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Accuracy 

It is important to keep an accuracy relationship of 
at least 2:1 between the meters to be tested and the 
calibration system. If meters not exceeding an 
accuracy of 2% are to be calibrated, a console having 
an accuracy of 1% or better is required. A calibra- 
tion console having a basic accuracy of 0.25% will 
handle all meters up to the 0.5% variety. The direct- 


comparison-type calibrator generally falls into the 


1% to 0.1% class; regulated-power-supply types usu- 
ally, but not always, can be classed in the 0.17% to 


0.05% accuracy range. 


Versatiiity 


An instrument calibration console should be ca- 
pable of current measurements ranging from a few 
microamperes to at least 10 amperes. It should be 
capable of voltage calibrations from a_millivolt 
through one thousand volts or more. Every effort 
should be made to obtain a console which furnishes 
the maximum diversity. 


Reliability 


In selecting an instrument calibration console the 
most important factor—and the most difficult to de- 
termine—is reliability. An instrument having an ex- 
tremely high accuracy rating is useless if that accu- 
racy does not remain stable for an extended period of 
time. 

The reliability of a console is determined by the 
quality of the indicating instruments used if the unit 
is of the direct-comparison type, or the stability of 
the reference sources if the console is the regulated- 
power-supply type. Repeatability of switch contact 
resistance is an important factor in either type of 
system. 

Where resistors are used in the measuring circuits, 
their stability is determined by the type of resistance 
wire used, and their heat treating and aging. The qual- 
ity of the ratio transformers used in the a-c type 
calibrators determines their reliability to a great ex- 
tent. These are all intangible quantities which cannot 
be ascertained at the time the console is acquired. The 
purchaser must rely on the manufacturer’s reputation 
for quality and integrity. 





Consoles 


The best electrical or electronic components can 
fail. Hence it is advisable that the calibration console 
be checked periodically. Certain ranges should be 
spot checked every month or two, with a complete 
recalibration at least once a year, The check and re- 
calibration should be made using basic electrical 
standards such as potentiometer, standard cell, volt 
and shunt boxes (in the case of the d-c instruments). 
For a-c certification an accurate a-c transfer standard 
generally is adequate. 

Many manufacturers of calibration consoles will 
recertify the systems of their manufacture (or will 
supply technical data) if the owner wishes. Recerti- 
fication must be accomplished using standards which 
can trace their accuracy to the National Bureau of 
Standards. 


Safety 


Safety precautions involve two primary functions— 
protection of operating personnel against dangerous 
shock, and protection of the test meter and standard 
instrument against damage due to overload. Much 
depends on the operator being aware that high volt- 
ages do exist, and remaining alert so that he does not 
come in contact with leads carrying such voltages. It 
is advisable to use a transparent hood which is elec- 
trically interlocked into the console for measurements 
of 300 volts and higher. The meter under test is placed 
under the hood and emf cannot be applied until the 
hood is fully closed. 

In the direct-comparison console the standard meters 
are effectively protected by limiting the applied volt- 
age or current to within 150% of full scale for any 
given range. The meter under test can be protected 
against high overloads (caused by switching) with 
interlocks which de-energize the power supply if 
ranges are changed with the instrument energized. The 
amplitude controls then must be returned to zero 
before calibration can be resumed. 


Operation 


An instrument calibration console can be operated 
in either one of two basic ways. The console can be 
brought to a definite voltage or current level and the 
test meter read for deviation from nominal value. Con- 
versely, the test meter can be energized to the par- 
ticular point at which calibration is desired and the 
applied quantity read from the standard instrument. 





ELECTRICAL MEASUREMENTS (<=) 


JACK M. JANICKE 


Radio Frequency Laboratories, Inc. 


Economics 


One must weigh the man-hours saved by use of a 
console against the initial cost. Instrument calibration 
systems are priced from about $2,000 to more than 
$20,000. The price of the instrument is generally de- 
termined by (1) its accuracy, (2) the number of func- 
tions it will perform. Some consoles can supply d-c 
quantities, some only a-c; others can supply both a-c 
and d-c voltage and current. 

The cost of upkeep of a calibration console is neg- 
ligible except for a periodic recalibration, an expendi- 
ture usually not exceeding $200. 


Applications 


The primary use for which calibration consoles are 
intended is, of course, the calibration of meters. This 
includes vacuum-tube voltmeters of both the a-c and 
d-c types, panel meters, moving iron a-c instruments, 
electrodynamometers, digital voltmeters, and high-ac- 
curacy moving-coil d-c meters. 

A calibration console can be used readily for pur- 
poses other than meter calibration. It provides an ex- 
cellent means for checking the pick-up and drop-out 
current in relay testing. It can be used as a power sup- 
ply in tests of high-accuracy four-terminal shunts, 
where the resistance of the shunt is checked at full 
current and at 20% of rated current, using a Kelvin 
bridge as the calibration standard. 

The console also can be used to determine the emf 
or current being produced by a precision power sup- 
ply. In this operation the output of the power supply 
and the output of the console are bucked together 
through a galvanometer or null detector. When null 
balance is achieved, the output of the supply is exactly 
equal to the output of the calibration console. 

Instrument calibration consoles are in use by many 
manufacturers in the electronic, electrical, aircraft and 
instrument industries, as well as by service and repair 
facilities, development laboratories, and many branch- 
es of the government. They are finding application 
wherever electrical instruments require accurate cali- 
bration. 





Next month: A survey of the calibration consoles of 
Radio Frequency Laboratories, Weston, Sensitive Re- 
search, Julie Research, etc. 
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Selecting a Potentiometer 


A. R. BECHTEL 


Gray Instrument Co. 


i SELECTING a portable potentiometer the first 
consideration is the type of input signal to be meas- 
ured. When measuring EMF from sources other than 
thermocouples, the resistance of the source is a major 
consideration. The sensitivity of a galvanometer usu- 
ally is expressed in microamperes per division. The 
microvolt sensitivity of the whole system (galvanom- 
eter, instrument and external resistance) is, therefore, 
the voltage necessary to drive the required microamps 
through this total resistance. 

The sensitivity of galvanometer depends on the am- 
pere-turns of its coil. However, increasing the number 
of turns increases its resistance not only due to the 
extra length of wire but also because smaller wire 
must be used to get it in the same space. Nevertheless, 
it often is a big advantage to use a coil of greater mi- 
croamp sensitivity, even though it has higher re- 
sistance. 

Consider a measurement from a 1000-ohm source. 
Internal instrument resistance is 20 ohms. Let us con- 
sider a 10-, 300-, and 1000-ohm galvanometer. 

A. With a 10-ohm galvanometer, having 0.3-micro- 
ampere-per-division sensitivity, total resistance in cir- 
cuit is 1030 ohms. V = RI = 1030 x 0.3 = 309 micro- 
volts necessary to produce a movement of 1 division of 
the galvanometer pointer. 

B. With a 300-ohm galvanometer, having 0.08-mi- 
croampere-per-division sensitivity, total resistance in 
the circuit is 1320 ohms. V = 1320 x 0.08 = 105.6 
microvolts to produce a 1-division pointer deflection. 
The latter has approximately three times the sensi- 
tivity of the former system. 

C. With a 1000-ohm galvanometer, giving 0.04 mi- 
croampere sensitivity, total resistance in circuit is 
2020 ohms. V = 2020 x 0.04= 80.80 microvolts. 
This is about 4 times the sensitivity of the 10-ohm 
galvanometer, under these conditions. Note also that 
the sensitivity of the higher-resistance galvanometer is 
less affected by changes in the external circuit re- 
sistance. 


Use with Thermocouples 


The following table gives the ranges recommended 
for different types of couples by Roesser and Wensel of 
the National Bureau of Standards: 


Usual Temperature Ranges Maximum 


Type ce F° c° Ff 


0 to 1450 0to2650 1700 3100 
Chrome!-Alumel —200 to 1200 —300%t02200 1350 2540 
lron-Constantan —200to 750 —300+0 1400 1000 1800 
Copper-Constantan —200to 300 —300to 570 600 1100 





Platinum-Rhodium 
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If the range is above 1200°C (2200°F) it is best to 
use platinum-rhodium couples. This type, because its 
calibration curve is well established and more con- 
stant than base-metal types, is also used commercially 
as a basis for calibrating other couples. It has low out- 
put (mv per degree change) and requires a sensitive 
galvanometer. 

Chromel-Alumel is the best base-metal couple for 
high ranges up to 1200°C and, if it is necessary to 
measure both high and low ranges, this couple can 
be used. However, its output per degree falls off con- 
siderably below 0°C, being only 0.01 mv per 1°C at 
—200°C. Its curve is also somewhat irregular. 

Iron-Constantan has the advantage of giving the 
highest mv per degree. However, it also has the widest 
variations in its mv-temperature curve. Until a few 
years ago there were at least three generally used 
curves—two of the leading manufacturers and the 
NBS. The NBS has revised its figures and this is now 
generally accepted. The Iron-Constantan mv-temp 
curves fall off quite a bit below 0°C, being only 0.02 
mv per degree C at —200°C. For close measurement 
with an Iron-Constantan couple a calibration curve 
should be obtained covering the range to be used. 

Copper-Constantan is generally recommended for 
close measurement in its range. While its mv per de- 
gree is lower than that of Iron-Constantan, it is gen- 
erally more reproducible, and its mv per degree does 
not decrease below zero proportionately as much as 
the others. For this reason it is nearly always used 
when the temperature to be measured is below zero. 


Accuracy 


The accuracy desired is also a prime factor in 
thermocouple temperature measurement. The poten- 
tiometer is basically more accurate than the couple. 
However, aside from the calibration accuracy, the 
sensitivity of the galvanometer can be the limiting 
factor. If it is desired to read to 1°C, both thermo- 
couple output and instrument sensitivity must be 
adequate. Galvanometer sensitivity is affected by both 
the internal resistance of the instrument and the 
thermocouple resistance. As the couple resistance in- 
creases, sensitivity falls off. If the potentiometer is to 
be used with a high-resistance couple it is best to 
order a galvanometer of suitable sensitivity. 


Temperature Compensation 


Temperature-calibrated instruments usually have in- 
ternal automatic cold-junction compensation. Millivolt- 
calibrated instruments have manual compensators. 
However, for measurements over short ranges and for 
highest accuracy, it is best to use an ice cold-junction. 
Instruments can be supplied with a switch for cutting 
out the internal cold-junction compensator when de- 
sired. 





MV-Calibrated Potentiometers 


Where measurements are to be made with different 
type couples at different ranges, a mv-calibrated po- 
tentiometer is advisable. This can have a manually ad- 
justed cold-junction compensator which can be used 
when desired, or cut out when using an ice cold-junc- 
tion. 

These potentiometers can be made versatile by hav- 
ing high and low ranges, and by having a galvanom- 
eter sensitive enough for the low range (or means for 
connecting an external high-sensitive galvanometer). 
Due to the fact that it is calibrated in equal steps it 
may also have the range divided between a step-switch 
and the slidewire, giving a much higher resolution than 
that obtainable on the slidewire only. Such types can 
be calibrated generally to a higher accuracy over a 
greater range. 


Type of Galvanometer 


The pointer type usually has a sensitivity adequate 
for an instrument with the slidewire range of not less 
than 10 mv. With a 200-division scale, this results in 
0.05 mv per division. 

For example, a pointer galvanometer having a 3- 
microamp sensitivity, with a 10-ohm system and 20 
additional ohms in internal and external circuit, would 
have 90 microvolts over-all sensitivity, or a little bet- 
ter than 14 division pointer movement for 0.05 mv at 
the couple. 

The light-beam galvanometer has, in effect, a weight- 
less pointer over a foot in length, and thus has far 
greater sensitivity, approaching 10 times the sensitivity 
of the pointer type. 





Eliminating Vibration 


ye and shock can cause harmful inac- 
curacies of precision apparatus, such as balances, 
electron microscopes, colorimeters, spectroscopes, etc. 

When Hoffman La Roche Inc. expanded their lab- 
oratories, the new location selected had considerable 
vibration caused by centrifuges and pumps. A special 
table for mounting microchemical balances was con- 
structed of a reinforced concrete block mounted on 
springs (Fig. 1). The block acts as an inertia mass 
isolated by the springs to reduce the movement of the 
balance. Oscillograph recordings show that the sys- 
tem has a 93% isolation efficiency. Microchemical 
balances mounted on tables of this type have pre- 
cisions ranging from 1.1 to 2.6 micrograms even on 
a floor above six 40” basket-type centrifuges, which 
operate at 900 rpm. Vibration specialists recommended 
mountings for 200 pounds load per isolator, with ap- 
proximately 1.2” deflection and a natural frequency 
of 172 cycles per minute. 

In an underground laboratory of Bausch and Lomb 
Optical Company, Rochester, New York, there is a 
ruling engine for making diffraction gratings (Fig. 2). 
The slightest temperature change may cause intoler- 
able errors. Heat from a person’s body may expand 
the grating machine by as much as 1/106,000,000”. If 
a person stood over it for a few minutes it may be 
thrown out of adjustment for hours. 

The engine cuts grooves in a thin aluminum coat- 
ing on glass with such precision that 180,000 grooves 
can be made in a 6” length of glass. Therefore, the 
laboratory is built on solid rock with side walls 21” 
thick; the floor is 13” thick. Walls and ceiling are 
covered with sound-absorbing material. The grating 
engine is mounted on a three-ton block of concrete 
and the entire mass is supported on vibration-absorb- 
ing steel springs. To isolate it further, some of the 
engine’s operating parts are floated in mercury. 


DOLPH FRANKLIN 


is iy 


FIG. |. MOUNTING for balance. (Photo courtesy 
the Korfund Co.) 


FIG. 2. GRATING ruling engine. (Photo courtesy 
the Korfund Co.) 
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The Transformer 
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The transformer ratio-arm bridge permits (1) independent measure- 
ment of resistance and reactance, (2) wide ranges of measurement 
and (3) high accuracies. The basic feature is use of highly accurate 
and permanent turns-ratios to make the comparison-type measurements. 


T HE VALUE of an impedance Z is, by definition, 
the ratio E/I, where E is the voltage across the 
impedance, and I the current flowing through it. The 
most direct way of measuring impedance is, there- 
fore, to measure E and I and compute the ratio. How- 
ever, it is more difficult and less accurate to make 
absolute measurements of voltage or current than it 
is to make a comparison measurement—that is, to com- 
pare the unknown with a standard impedance by 
means of a bridge circuit (Fig. 1). This is because 
ratios can be established more easily and accurately 
than absolute quantities. 


The Conventional Bridge 


Fig. 1 shows the conventional method of comparison 
based on the Wheatstone bridge. Z, is the unknown 
impedance. Z, is a variable standard impedance; Z, 
and Z». are known fixed standards. 

At balance, the unknown impedance is: 

Z, = 2,(Z;/Z2) (1) 
The usual procedure is to balance the bridge by 
adjustment or selection of Z, and the “ratio-arms” 
Z, and Ze, which are arranged so that the ratio Z;/Z2 
is adjustable in decade steps to provide a multiplying 
factor. 

This method of measurement has a number of dis- 
advantages: 

1. The range is restricted because very low and very 
high standard impedances are difficult to manufacture 
with precision. 


Page 102—Jnstruments & Control Systems—Vol. 34 


2. To ensure accuracy, a Wagner Earth arrange- 
ment is essential, requiring a double balance. This 
is inconvenient in practice and only two-terminal 
measurements are possible over any range. This is a 
severe restriction on impedances with reactance. 

3. For accurate measurements, decade standards 
covering several decades of resistance and reactance 
must be used. At least 4 standards per decade are 
necessary, and the associated switches and wiring 
introduce spurious impedances that are difficult to 
handle. The standards are bulky and costly, and can 
only be made effectively pure over a small range. 

4. With so many standards involved in the decade 
boxes and ratio-arms, calibration is difficult and often 
uncertain. 

These disadvantages are reduced, and some elimi- 
nated, in the transformer ratio-arm bridge. 


The Transformer Ratio-Arm Bridge 


The basic circuit of the transformer bridge is shown 
in Fig. 2. 

T, is a voltage transformer whose primary is con- 
nected to the source. The secondary winding is tapped 
to give sections having turns N, and N,. 

T. is a current transformer whose primary is tapped 
to give n, and n, turns, and whose secondary winding 
is connected to the detector. 

Assume that the transformers are ideal and Z, is 
adjusted to give null indication in the detector. Under 











Ratio-Arm Bridge 


R. CALVERT 


Wayne Kerr Laboratories 


NEUTRAL 





these conditions zero flux is produced in the current 
transformer; there is no voltage drop across its wind- 
ings. Thus points A and B are at the same potential as 
point C, and the voltage across the unknown and stand- 
ard are then E,, and E, respectively. 
Therefore L = BA 

I= B/4 

For conditions of zero core-flux in the current trans- 
former, the algebraic sum of the ampere-turns must 
be zero: 

Inu = I,n, 

Substituting for I, and I, we have: 

(Ey/Znu ny = (E,/Z;) (ng) 
A = (E,/E,) (nu/ns) (Z,) 

For an ideal transformer the voltage ratio (E,/E,) 

is equal to the turns ratio (N,/N,). Therefore: 
Z, = (Ni/N,) (ny/ns) (Z,) 

This equation shows that, unlike the conventional 
bridge, two ratios (N,/N, and n,/n,) are available 
for manipulation. This permits a very high ratio prod- 
uct, permitting a wide range of measurement, simply 
by combination of taps on a transformer. 





Fhe: Frasion eee FIG. 3. RESISTIVE and reactive components can be 
One of the basic advantages of the transformer measured independently because the in-phase (re- 
bridge is that it can measure reactance and resistance, sistive) and quadrature (reactive) currents and volt- 
independently. ages can be separately zeroed. 
In Fig. 3 the unknown and standard impedances 
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FIG. 4. RANGE of measurement can be altered 
by changing the turns ratio (N./Nu). 



















































































FIG. 5. RANGE of measurement can be altered 
further by use of several standard impedances. 





NEUTRAL 





FIG. 6. STANDARDS multiplier has resistive and 


reactive standards on different taps. 
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have been divided into their resistive and reactive 
components. Since at balance the in-phase (resistive) 
and quadrature (reactive) currents and voltages must 
be separately zeroed, the conductance standard G, and 
the reactance standard X, can be connected to dif- 
ferent tappings on the voltage transformer to balance 
out the currents caused by the unknown impedance. 
Hence the resistive and reactive components can be 
measured independently. 

This can be put to advantage in many ways. The ef- 
fect of impurities in the standards (for example, 
dielectric loss in capacitors) can be balanced out by 
the insertion of compensating components across the 
unknown side of the bridge. The leakage and capaci- 
tance across test jigs, etc., also can be removed in this 
manner. 


The Decade Switches 


Fig. 4 shows a bridge in which the voltage-trans- 
former winding (N,) has one hundred turns and is 
tapped at every ten turns. The taps are brought out to 
a switch and connected to one standard (G,). 

The equation for balance is: 


G, = G, (N,/Nu) (n,/ny) 


Either the turns ratios or the standard impedance 
can be altered to change the range. Fig. 4 shows how a 
decade switch selects any of the taps to change the 
ratio N./N,. Fig. 5 shows how the same 10 turns-ratios 
can be used with four standard impedances. Thus any 
of 4 resistances and 10 turn-ratios can be selected. 

Each switch connects through a fixed standard to a 
common tap on the current transformer. The con- 
ductances are given the relative value 1, 10, 100 and 
1,000. The effect is exactly the same as that obtained 
by having a transformer of fixed voltage and a four- 
dial decade box. 

Continuing with taps to four more switches, each of 
which is connected through a fixed standard capacitor 
to the current transformer, the effect of adding a four- 
dial decade capacitor is produced. 


Continuously Variable Controls 


Only the step-by-step adjustment of the standards 
has been considered. It has been shown how the decade 
boxes for resistance (and capacitance) standards 
normally associated with accurate bridge measure- 
ments can be replaced by a few fixed standards and 
banks of switches fed from taps on the voltage trans- 
former. 

Decade switching is essential when accuracies of 
better than 1% are required. However, such switches 
alone can make balancing of the bridge a slow and 
laborious process, especially if the unknown is a 
complex impedance. The provision of a pair of con- 
tinuously-variable direct-reading controls would make 
the bridge quick and easy to handle—but calibration 
difficulties would limit the accuracy of such an ar- 
rangement to 1 or 2%. Fortunately, it is possible with 
the transformer ratio bridge for continuously variable 
controls to be added without detracting from the ac- 
curacies of the decade standards. 

The best practical compromise for accuracy and 
ease of operation is to use a single decade and a con- 





tinuously variable control for accuracies of the order 
of 1%. A second decade need only be introduced 
when it is necessary to increase the accuracy to 0.1%, 
or when it is required to obtain very high discrimina- 
tion at balance to measure small changes in impedance. 


Standards Multipliers 


To keep the number of standards to a minimum, the 
in-phase (resistive) and quadrature (capacitive) stand- 
ards are chosen to cover approximately the same range 
of impedance at the operating frequency of the bridge. 

Occasionally it is required to measure a complex 
impedance whose in-phase and quadrature components 
are of quite different orders. It is therefore convenient 
to be able to shift the effective impedance of one 
standard with respect to the other. As the voltage trans- 
former is tapped to provide the decade adjustment of 
each standard, the current transformer must be tapped 
to shift the relative ranges of the standards. This is 
shown in Fig. 6. A pair of taps at, say, 10 turns and 
100 turns will give a 10:1 shift. 

This feature, however, must be used with caution 
because slight imperfections in the standard can cause 
gross errors in measurement of the minor component 
of the unknown. 


Range Multipliers 


It has been shown how the decade steps are ob- 
tained by suitably tapping the standards winding of 
the voltage transformer. The range of the bridge now 
can be extended above and below that of the standards 
by means of taps on the unknown-side windings of 
both the voltage and current transformers, as shown 
in Fig. 7. 

For capacitance measurements, a convenient stand- 
ard is 0-0.01 microfarad connected between the 100- 
turn and 10-turn windings respectively. Tapping the 
unknown windings at 1,000, 100, 10 and 1 turns gives 
the ranges shown in table 1. 


TABLE 1. CAPACITANCE RANGES WITH FOUR 
TAPS ON UNKNOWN WINDINGS 


Voltage Current 
Transformer Transformer 


Range 
0-10 pF 
0-100 pF 
0-1000 pF 
0-0.01 uF 
0-0.1 wF 
0-1.0 pF 
0-10 «uF 


! I 
*| picofarad (pF) == | micromicrofarad (uuF) 


The standard multiplier described previously will 
extend the low-capacitance range of 0-1 pF. If the 
standard comprises two decade switches and a con- 
tinuously variable control, the variable will cover the 
range 0-0.01 pF, and a 1% discrimination on this is 
0.0001 pF. With attention to the screening of leads 
and connections, and if the standards are carefully 
trimmed, the bridge will measure from 0.0001 pF to 
10 microfarads with an accuracy of +0.1% =+0.0001 
pF. 


UNKNOWN 


1000 rurps | | 1000 turns 


100f. - 
10f. 
if. 
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FIG. 7. WINDINGS on unknown side of bridge 
also can be tapped to further extend the range. 























Cc 
FIG. 8. ANY CIRCUIT can be resolved into a 3- 


terminal network like this. 
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| STANDARDS } 


FIG. 9. MEASUREMENT of 3-terminal network with 


transformer ratio-arm bridge. 
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SERIES CIRCUIT PARALLEL CIRCUIT 


le 
x, * 47+") 





WHEN Q >/: 


WHEN G< / 


x,= 
FIG. 10. BASIC EQUATIONS for series and paral- 


lel impedances. 


3-Terminal Measurements 

It is often convenient to be able to measure an im- 
pedance in situ (in place—without disconnecting any 
other components which may be associated with it). 
With certain test jigs it is often impossible to discon- 
nect the effective shunt and stray capacitances to the 
base of the jig. 

Generally speaking, any circuit can be resolved into 
a three-terminal network as in Fig. 8. The impedance 
to be measured is Z,, but the effect of impedances 
Zac and Zpco must be removed before a measurement 
of Z, can be made. Fig. 9 shows the 3-terminal net- 
work applied to the transformer ratio-arm bridge. 


Parallel to Series Conversion 


As the bridge sums currents, it measures impedance 
as a parallel combination of the in-phase and quadra- 
ture components. For some purposes this is incon- 
venient and it is necessary to know the equivalent 
series components. The relevant equations are given 
in Fig. 10. 

To avoid the awkward factor 27 appearing in all 
the calculations, the source frequency on certain 
bridges is fixed at 1592 c/s, so that o = 10,000. This 
not only simplifies the transformation of parallel cir- 
cuits to series circuits, but makes it possible to read 
reactance in ohms directly from the capacitance scale. 
Also, by reversing the sense of the capacitance stand- 
ard connections to the current transformer, it is possi- 
ble to measure inductance; all readings are simplified 


if » = 10,000. 


Extending the Lower Range 
Although the bridge in its existing form covers an 
extremely wide range, the accuracy deteriorates rapid- 
ly when measuring impedances lower than about 10 
ohms because the series resistance of the leads or 
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switches becomes significant. For the measurement of 
very low impedances a different technique must be 
adopted. 

So far, a voltage has been applied across the un- 
known and the resulting current compared with that 
in a standard. With impedances of the order of 
10 ohms and below, it becomes increasingly difficult 
to apply a precise voltage, owing to the uncertainty 
of the voltage drop in the connections. It is now pref- 
erable to pass a current through the unknown and to 
measure the voltage drop across it. This cannot be 
done directly with the existing bridge arrangement, 
but it can be done by making the unknown the shunt 
element of a T-network (the series arms being fixed 
standard resistors) and measuring the transfer ad- 
mittance. 


Conclusion 


The transformer ratio-arm bridge can make compli- 
cated measurements which would be difficult, if not 
impossible, with a conventional bridge arrangement. 
The advantages of the transformer bridge can be sum- 
marized as follows: 

1. The measurement depends on the product of 
the current and voltage ratios for each fixed standard 
used. Both of these ratios are easily obtained with 
great accuracy, increasing the possible range of 
measurement to a figure well beyond the scope of im- 
pedance arms. Voltage and current ratios each of 
1,000:1 are possible, giving an over-all ratio of 
1,000,000:1. 

2. As the ratios depend only on the number of 
turns on the transformer windings, they are permanent 
and calibration is unnecessary. 

3. Only one standard is required for each decade. 
Furthermore, the transformer ratios can be used to set 
the standard in one decade against that in another, 
so that only two fixed standards of known accuracy 
are required—one resistive and one reactive. 

4. The standards need not be pure. The effects of a 
resistive term associated with a reactance standard, 
and of a reactive term associated with a resistive stand- 
ard, can be removed entirely at a given frequency. 

5. The measurement of very small capacitances by 
conventional means is extremely difficult, due to the 
effect of stray capacitance and the difficulty in obtain- 
ing a standard of sufficiently low value. By means of 
the transformer bridge, it is possible to measure ca- 
pacitors of the order of 0.0002 pF at the ends of leads 
having some thousand times this capacitance. 

6. As the sign of a voltage or current can be re- 
versed simply by reversing the connections to the 
relevant transformer winding, measurements can be 
made in all four quadrants of the complex plane. The 
bridge therefore can be used to measure transfer im- 
pedance as well as direct impedance. 

7. The bridge will measure the impedance between 
any pair of terminals of a 3-terminal network. In 
situ measurements are possible on impedances remote 
from the bridge and on components wired into a 
circuit. The capacitance of long connecting leads and 
spurious impedances connected to the unknown termi- 
nals are completely counteracted by the appropriate 
use of the third terminal of the bridge. 





New Type K-3 Potentiometer keeps 





Melpar’s radar test gear ‘“‘on the beam” 


Obtaining a high electrical accuracy is vital 
when designing and producing radar and fire con- 
trol devices, analog and digital computers, etc. 
Melpar Inc. at Falls Church, Va., a subsidiary of 
Westinghouse Air Brake Co., relies on L&N’s 
Type K-3 Universal Potentiometer as the prime 
d-c measuring instrument for their entire plant. 
The K-3 inter-compares standard cells calibrated 
by the National Bureau of Standards. Then, using 
these cells as reference, it calibrates the accuracy 
of voltmeters, ammeters and wattmeters used 
throughout the plant to check this complex elec- 
tronic equipment. 

This heavy workload of checking standards and 
instruments is easily handled by the K-3 because, 


as the head of the Quality Control Laboratory at 
Melpar says, its new design and convenience fea- 
tures permit “faster readings . . . and human errors 
are avoided because of the K-3’s central reading 
window and decimal point indication of range. It 
is also much easier to standardize.” 

With these features, plus others such as the in- 
strument’s guarding against static and leakage, its 
built-in auxiliary potentiometer, etc., this Type 
K-3 will give you more accurate emf measurements 
in less time. Why not investigate the possibilities 
of this advanced potentiometer today. Write for 
the six-page Data Sheet E-51(6) on the K-3 from 
Leeds & Northrup Company, 4955 Stenton Ave., 
Philadelphia 44, Pa. 


mT 
LEEDS [IN ‘NORTHRUP 


Instruments nT] Automatic Controls « Furnaces 
; 


CIRCLE 63 ON READER-SERVICE CARD 
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PORTABLE INSTRUMENT MEASURES OXYGEN AND 


MOISTURE IN HYDROGEN AND INERT GASES 


The Engelhard Portable Atmosphere Analyzer is an 
ideal instrument for detection and measurement of 
harmful impurities usually found in gases used in the 
manufacture of semiconductors and other electronic 
devices. Analyzes and records atmospheres in furnaces, 
glove boxes and other critical areas. Oxygen analysis 
down to less than 1 PPM, moisture analysis down to 
1 PPM. Write for literature. 


INDUSTRIAL EQUIPMENT DIVISION 


T Se 


MEN 
113 ASTOR STREET ° NEWARK, N. J. 


9 SPECIAL-PURPOSE GRADES 
OPTICAL FUSED QUARTZ NOW AVAILABLE 


Amersil makes 9 special-purpose high quality grades of 
fused quartz, Each has special characteristics. Included 
in these 9 grades are some to be used for Ultra-violet 
transmission and other for Infra-Red. + Used in light 
sources for radiation, components for optical systems, 
ultrasonic delay lines and as substitute for rock crystal 
prisms and lenses in spectographic apparatus, etc. + 
In addition, lenses and prisms can be supplied in small 
dimensions. 


AMERSIL QUARTZ DIVISION 
685 RAMSEY AVENUE © HILLSIDE, N. J. 
FOR ANALYZER CIRCLE 161 
FOR FUSED QUARTZ CIRCLE 162 


FOR DETECTION AND 
MEASUREMENT OF 
OXYGEN OR 
HYDROGEN IMPURITIES 
IN OTHER GASES 


Super-sensitive Deoxo Indicator... continuously mea- 
sures oxygen or hydrogen present as impurities in other 
gases—from 2 to 200 parts per million oxygen and 4 
to 400 parts per million hydrogen. Dual range permits 
measurement up to .25% oxygen or .50% hydrogen. 
INDUSTRIAL EQUIPMENT DIVISION 


S EQUIPMENT SECTION 


113 ASTOR STREET * NEWARK, N. J. 


ee ee 


CORROSION-RESISTANT RUPTURE DISCS 
RELIEVE PRESSURE AUTOMATICALLY 


In pressurized apparatus subject to corrosion, depend- 
able precious metal rupture discs provide speediest, 
safest, most accurate relief from excess pressures. Made 
of gold, silver or platinum to resist corrosive effects of 
liquids and gases under conditions that would render 
many base metal materials useless. Complete line of 
rupture discs available—guaranteed to burst at +5% of 
specified pressure. Economical to use—cost lowered by 
recovery of precious metal in spent disc. Write for 
literature. 


BAKER PLATINUM DIVISION 
113 ASTOR STREET * NEWARK, N. J. 


FOR DEOXO INDICATOR CIRCLE 163 
FOR RUPTURE DISCS CIRCLE 164 





FOR DETECTION AND 


MEASUREMENT OF 
OXYGEN IMPURITIES 
IN OTHER GASES 


In metallurgical and chemical processes requiring an 
oxygen-free atmosphere, the Minoxo Indicator pro- 
vides a means of insuring that failure of purification or 
ingress of atmospheric oxygen through an unsuspected 
leak does not cause costly spoilage. The Minoxo Indi- 
cator ... measures traces of molecular oxygen in other 
gases—from 0 to 10 parts per. million, and from 0 to 
100 PPM. High sensitivity and rapid speed of response 
enable it to be used for laboratory investigation and 
production quality control. 
INDUSTRIAL EQUIPMENT DIVISION 


AS EQUIPMENT SECTION 


SG 
113 ASTOR STREET * NEWARK, N. J. 


PRECIOUS METAL CONTACTS 
FOR HIGH-RELIABILITY 


Precious metal contacts in pure or alloyed forms of sil- 
ver, platinum, palladium and gold provide unmatched 
resistance to atmospheric corrosion, deformation, arc 
erosion, binding and metal transfer. Baker high-relia- 
bility precious metal contacts are supplied as wire, rod, 
sheet and in a complete line of fabricated forms. Facil- 
ities are also available for manufacture to your speci- 
fications. 


BAKER CONTACT DIVISION 
207 GRANT AVE. * NEWARK, HARRISON P.O., N. J. 
FOR MINOXO INDICATOR CIRCLE 199 
FOR PRECIOUS METAL CIRCLE 200 


HERMACH-ENGELHARD MULTI-RANGE TRANSFER 
VOLT-AMMETERS FOR UNMATCHED ACCURACY 


Meets exacting calibration requirements for accuracy 
without use of correction factors over wide range of 
currents and voltages. Functional design employs null 
principle . . . provides simple operation. Hermach- 
Engelhard Transfer Volt-Ammeter achieves 0.05% ac- 
curacy through frequency range d-c to 50,000 cps, 
eliminating complete battery of measuring devices 
otherwise needed. + Several models available for 
efficient adaptability to various conditions. Write for 
details. 
INDUSTRIAL EQ 


INSTRUMENTS 


850 PASSAIC AVE 


EMG E ££ Fi4i fF? ip 


ExXxEcCuUTIiVE OFFICE S 


YR TREET + NEWARK 


SALES OFFICES: CHICAGO + DALLAS + DETROIT > 
HOUSTON + LOS ANGELES - NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


Please send literature as indicated below, 
addressed to my attention: 


ie Minoxo Indicator [] Precious Metal Contacts 
‘([] Super-Sensitive Deoxo Indicator [[] Rupture Discs 


() Portable Atmosphere Analyzer [] Fused Quartz 


] Hermach-Engelhard Volt-Ammeters 


NAME 
‘ TITLE 
) FIRM..... 


Se: A eRe AES IR AAS og 


cocci PERU Uicicores 
FOR VOLT-AMMETERS CIRCLE 201 
January 1961—Instruments & Control Systems—Page 109 





Mc AE Sa a RONEN 


aes 
_ HERE'S: 


AO TRACEMASTER’S 
CARBON TRANSFER METHOD 
PRODUCES BETTER RESULTS! 


The AO Tracemaster 8 channel recorder 
uses a direct-carbon-transfer writing 
method...clearly the best of all methods. 
The trace above, reproduced from a 
Tracemaster record, shows why! 














Chart speed was 500 mm/sec. (Twice as 
fast as any other recorder). The trace is 
a gate pulse out of an Analab oscillo- 
scope. Gate rise time is approximately 2.0 
micro seconds. An amazing performance! 
Note the fine quality of the trace... the 
consistency of line through the entire 
band pass. 

The direct carbon transfer technique 
makes this possible ... mylar-backed car- 
bon positioned between the stylus and 
the chart paper acts as an excellent lubri- 
cant. Stylus tip radius is smaller to pro- 
duce a finer trace...yet there’s no danger 
of “plowing”. And it permits use of stylus 
pressure 5 to 7 times higher than with any 
other recorder (velocity feedback signal 
out of the pen-motor applied to the linear 
driver amplifier makes the system much 
less susceptible to the effects of stylus 
pressure). This renders the system im- 
mune to ordinary shock and vibration 
stress... there’s no ink splatter... little 
or no skip ...mo paper-tear. 


Learn, in detail, all the advantages of the AO 
Tracemaster and its direct carbon transfer re- 
cording method. Send for complete fiterature. 
A request on your company letterhead will 
bring you an actual sample of an AO Trace- 
master record, 


American Optical Company 


Instrument Division * Buffalo 15, New York 
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NEW 





INSTRUMENTS 


50-WATT AF SOURCE FEATURES 0.01% AMPLITUDE 
STABILITY FOR COMPARISON CALIBRATION WORK 


New Model LDS-1500 variable-fre- 
quency power source is designed for 
use in Standards Laboratories and 
provides short-term amplitude stabil- 
ity of better than 0.01%. Instrument 
can supply adequate power for cali- 
bration, by the comparison method, of 
all a-c voltmeters and ammeters nor- 
mally used for laboratory measure- 
ments. Short-term amplitude stabil- 
ity is achieved by a new oscillator 
circuit development. 40 watts of pow- 
er are available over the frequency 
range from 20 cps to 20 ke with less 
than 0.25% total harmonic distortion, 
typically 0.1% at 50 watts over most 
of this frequency range. The follow- 
ing maximum rms voltages are se- 
lected by an output range switch: 3, 
10, 30, 50, 100, 300, 750, 1,000 and 
1,500 volts. Output power is nominal 
50 watts over most of the frequency 
range into matched load impedance. 
Less than 0.005% amplitude change 
results for a +10% variation in line 
voltage within the operating range.— 
Krohn-Hite Corp., 580 Massachusetts 
Ave., Cambridge 39, Mass. 
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INKLESS RECORDER 


STRAIN GAGE CONDITIONER 


New single channel portable 
“Strain Gage Transducer Conditioner 
and Power Supply” Model 110T ac- 
cepts any resistance transducer and 
records on any galvanometer, milli- 
volt recorder, or oscilloscope directly 
or through amplifiers. Can be used 
for calibrating transducers prior to 
installation and with 4, 5, 6, 7, or 8 
wire input cabling systems, thus can- 
celling out cable losses —B & F In- 
struments, Inc., 3644 N. Lawrence St., 
Phila. 40, Pa. 


New 3%” x 3%” x 3” deep, circu- 
lar chart Omnicorder records vari- 
ables convertible to electrical signal, 
uses stylus to print graph on 38”-dia 
pressure-sensitive paper. Chart speeds 
available from one hour to 30 days/ 
revolution. Available with four basic 
meter movements—D’Arsonval, 
crossed coil, moving iron and ferrody- 
namic. Stylus operates from back of 
chart. Available in explosion-proof 
case.—Thomas A. Edison Industries, 
McGraw-Edison Co., West Orange, 
N. J: 
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SENSING ELEMENTS 
TRANSDUCERS 
CONTROLLER 

REMOTE CONTROL STATION 
RECORDER 

DATA PROCESSING 


FINAL CONTROL 


When you specify process controls... 
BUYING A LOOP OR A NOOSE? 


Why “strangle” process technology? Hagan solid-state, electronic 
controls are designed to meet rigid specifications of high reliability, 
simplicity, and repeatability . . . yet, they’re flexible and adaptive 
enough to meet changing process needs. 

The core of Hagan’s PowrMag electronic control loop is the con- 
troller. A high gain operational magnetic amplifier within the control- 
ler produces all control actions . . . proportional band, reset, rate . . . 
multiplication, addition and subtraction . . . through interchangeable 
resistive and capacitive components. 

The Hagan electronic control system expands from this controller 
to other components that include all the hardware necessary for a 
simple or sophisticated control loop. From temperature, pressure and 
flow measuring devices to final control elements and data acquisition, 
each component has been engineered to meet high standards of re- 


‘liability and accuracy. 


For information on Hagan PowrMag electronic process controls, 
write HAGAN CHEMICALS & ContTROLS, INc., Hagan Center, Pittsburgh 
30, Pennsylvania; or telephone WAlnut 2-3737. 


HAGAN 





ONLY RECORDER 
MASSA ee 
RECORDERS 
COMBINE 
ALL 


 rucr-sreeo | New transistorized 3-pen potenti- 
ometer-recorder features modular 

circuits, battery reserve, inductive 
span and zero adjustments; provides 

low noise d-c output for computers. 


Potentiometer input span adjustable 
INK WRITING from 0-5 to 0-50 mv.—deVar Systems 
Inc., 494 Glenbrook Rd., Glenbrook, 


Conn. 
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PREAMPLIFIERS BUILDING BLOCK LOGIC KIT 








> 


©000000008 


New Building Block Logic Kit in- 
cludes basic selection of logic circuit 
packages and accessory equipment, 
can be used to design, test and dem- 
onstrate variety of logical operations 
and training applications.—Digital 
Equipment Corp., Maynard, Mass. 
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PERFORATED TAPE HANDLER 





























MODEL 
BSA-450 
4 CHANNEL 
40 MM 
All of the exclusive features incorporated in previous Massa Recorders, 
including the New Controlled Linearity Oscillographs, are incorporated in the 
NEW 4 CHANNEL RECORDING SYSTEM. The all new front design greatly simplifies 
chart paper loading and permits full instant view of pen action and recorded 
signals on 7 x 10 writing table. Improved tracking, instant loading, accurate per- 
formance, are some of the novel features included in the new design. 
Other features: 40 mm (full scale) Oscillographs, DC to 120 cps ® Ink or elec- 
tric rectilinear writing @ 18 chart speeds, from 0.5 cm/hr to 200mm/sec® Event 
Marker @ Automatic warning light for low chart indicator. seg en al 
The new 4 channel recorder is now available in complete recording systems Son hide Yael 
including individual transistorized driver amplifiers and power supplies for each per tape wie yy LYKOR Mead 
channel, and a choice of interchangeable plug-in preamplifiers including DC, 4566 “Servo-Spool”, permits reading 


GS ie h : 
AC, Carrier and Chopper of perforated tape at speeds up to 
400 characters per second, and rapid 
rewind at 1,000 characters per sec- 
OTHER MASSA PRODUCTS ond. Eight-inch reels hold 500’ of 
COMPLETE LINE OF tape, are controlled by 3-zone con- 
A DIMISION OF MULTICHANNEL AND PORTABLE RECORDING SYSTEMS tactor system which performs as full 
ACCELEROMETERS MICROPHONES servo system, and accepts 5 to 8-level 
iniaemeraes HYDROPHONES AMPLIFIERS piety interchangeably.—Digitronics 
‘ SONAR TRANSDUCERS orp., Albertson Ave., Albertson, 
276 LINCOLN STREET L. I., New York. 
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INDICATING CONTROL 


oe 


Step Sequencing 


use any type. of 
the new iia 


time or sensing BUTTON 


Eagle device to advance [© 
New E32NA dual-switch, Indicating Step the | 


Temperature Control covers —150° e 
to +650°F for ovens, baths, environ- Switch 
mental test chambers, molding ma- 
chines, etc. Features a calibrating 
mechanism allowing easy replacement poneanta ae 

of thermal assembly and contains two nore se 
switches permitting switch action 
above or below the index set point 
and control of up to four independent 
circuits—U nited  Electric-Controls 
Co., 85 School St., Watertown 72, 
Mass. 
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100-Mc COUNTER 


MOORS IO BS SINEMA ete tris 





PRESSURE 


> _ : —— | 3 mr 
| CHANGE 


i 


operate a multiplicity a 


New 100-Mc transistorized Model of load circuits in any 
1050 Gated Counter counts random - : 
events with better than 10-nanosec- combination up to 19 
ond double pulse resolution, functions circuits 


as time interval meter to measure 
duration to within 10 nanoseconds, 
and measures any frequency up to i 
100 Mc/sec. It uses five binaries in- | This new Eagle Step Switch also provides: 
stead of four and offers nine digits of | 

storage with in-line (Nixie) display. | 

—Eldorado Electronics, 2821 Tenth ] SEQUENCING INTERLOCK 3 





MECHANICAL CIRCUIT IN- 
TERLOCK by cam action — elim- 


when used with multiple indexing 
inates interlocking relays. 


Circuits. 


St., Berkeley 10, Calif. 
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MINIATURE TRIM POT 10 AMP SWITCH CONTACTS 115 VOLT COIL operates direct 
control load switches direct — on AC with heavy duty ratchet 
no need for load relays. mechanism — insures long life. 


Write us regarding your count problem, or see your local phone directory or 
Thomas Register under the heading, “Timers, Electric’ for your nearest Eagle 
Signal representative. 


THER POPULAR HIGH QUALITY EAGLE TIME-COUNT CONTROLS 


New %-oz sealed metal-to-metal 
Type B329 potentiometer provides 
hermetic gas barrier while permit- 
ting external trim adjustments. Fea- 
tures resistance range up to 8400 ane countene wae Seen CONN + titi, Mineis 
ohms, 14-w rating at 85°C continu- AN EW. BLISS COMPANY SUBSIDIARY 
ous operation, and operating ambient j 4 
temperature range from —50° to 
+100°C.—Liquidometer Corp., Long MANUFACTURERS OF A COMPLETE LINE OF INOUSTRIAL TIME-COUNT CONTROIS 
Island City 1, N. Y. me 

CIRCLE 195 ON READER-SERVICE CARD 
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no 
problems 
with... 


With Hi-Seal® fittings you can make tube bends close to 
the fitting—in fact, right next to it. Here Hi-Seal is in a 


class by itself. in sh 


Hi-Seal’s simplified design with flareless butt joint 


makes this possible. The advantages? More compact lay- 
IMPERIAL EASTMAN 


outs. Save on tubing. Shorten installation time by as 
much as 50%. Gain utmost reliability. SAVE MONEY. To 
get these advantages, insist on Hi-Seal. 
For complete information, write for Bulletin 3108. 
Imperial-Eastman Corporation General Offices: 6300 West Howard Street, Chicago 48, Illinois 


BUTT JOINT 


In Canada: Imperial-Eastman Corporation (Canada) Lid., Toronto 
CIRCLE 159 ON READER-SERVICE CARD 
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Close Bends with Hi-Seal 
Save Time, Space, Tubing 


Look at what you can do when you use 
Hi-Seal fittings: 


1 1s 1 ts 0m) Fel 1m 





This typical layout has “old-fash- 
ioned” tube fittings. Layout area, 
257 sq. in.; 12.7 ft. of tubing; in- 
stallation time 2 hr., 34 min. 


Same layout with Hi-Seal tube 
fittings. Layout area reduced 32% 
to 175 sq. in.; tubing reduced 40% 
to 7.7 ft.; installation time reduced 
nearly 50% to 1 hr., 20 min.! 


All this is possible because of 
Hi-Seal’s exclusive flareless, butt 
joint design. This means that tube 
bends may be made right next to 
the fittings. Even direct tube con- 
nections may be made without any 
extra loops to allow for tube entry 
into the fitting. 

One Fitting for the Entire System 
However varied your requirements 
may be, Hi-Seal meets them. Avail- 
able in all styles, sizes and combi- 
nations, plus a variety of metals: 
steel, stainless steel, brass, alumi- 
num, titanium, Monel, etc. 


Now Imperial-Eastman meets all your 
requirements for hydraulic-pneumatic- 
flow system components: tube fittings, 
valves, couplings, flexible and rigid 
hydraulic and pneumatic hose, thermo- 
plastic tubing, tubing tools. 


FITTINGS 


IMPERIAL - 
EASTMAN 
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AC REFERENCE 


New Model 146A transistorized AC 
Reference Standard is designed to 
rigid mil specs for work in standards 


labs, incoming and final inspection of 
ac measurement instruments and 
components such as gyros and resolv- 
ers. Range, 0-511.110v ac rms; accu- 
racy, 0.035% of reading, +1 mv, 25°C 
+10° with moderate loading.—Rotek 
Instrument Corp., 733 Concord Ave., 
Cambridge, Mass. 
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REMOTE READING LOAD CELL 


aa 
vag Qn a 
New remote indicating load cell 
system permits instantaneous, direct 
readings of forces, in pounds, over 
1000’ from actual cell. Applications: 
cranes, measuring structural stresses 
etc. (12-page brochure).—W. C. Dil- 
lon & Co., Inc., 14620 Keswick St., 
Van Nuys, Calif. 
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CURVE FOLLOWER 


New Model FGE 5048 Data-Trak 
guides automated processes by inter- 
preting function curves drawn as a 


double line with ordinary pencil on 
common graph paper. Pencilled chart, 
mounted on revolving drum, guides 
servo-driven capacitive probe that 
follows centerline between plotted 
lines. Rotation time adjusts from 300 
to 10 sec/rev (12 to 360 cycles/hr).— 
Research, Inc., Box 6164, Minneapolis 





24, Minn. 
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PENNSYLVANIA 


FLUOROCARBON CO., INC. 


1115 N. 38th Street, Philadelphia 4, Pa. 
PHONE: EVergreen 6-0603 TWX: PH 252 
*Du Pont Reg. T.M. 
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New Servo-Gauge 
Oscillator controls 
cycle testing of 
valve diaphragm 
material 





This test set-up at Hills-McCanna Com- 
pany, Chicago, Illinois, demonstrates 
the flexibility of the Servo-Gauge Oscil- 
lator. Here, diaphragm type valves are 
undergoing repetitive pressure-impulse 
cycling to determine suitability of dia- 
phragm materials. 

rhe Oscillator, of all-pneumatic de- 
sign which simplifies installation and 
eliminates electrical connections, can be 
set for a wide range of predetermined 
cycle rates and pressure signals. 

Write for Bulletin P-20; Associated 
Control Equipment, Inc., P.O. Box 136, 
Coraopolis, Pa. 
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LOOK-UP SYSTEM 


New electronic Rapid Access Cat- 
alog System operates from external 


standard keyboard to project cata- 
loged information from 16-mm film 
onto integral viewing screen. Exam- 
ple of use: For 400-page catalog 
(25,000 items in alphabetical order), 
key first 3 letters of item, and page 
containing item is projected on screen 
in 1.5 sec.—Ferranti Electric Inc., 95 


Madison Ave., Hempstead, L. I., N. Y. 
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ELECTRONIC TIMER 


New TR-302 miniature transistor- 
ized electronic timer has selection of 
timing ranges and physical mounting. 
Units are plug-in with DPDT 5-amp 
resistive contacts and operate on 115- 
v ac.—Syracuse Electronics Corp., 
Box 566, Syracuse 1, N. Y. 
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THERMAL FLOWMETER 


New Model FMP-1 Thermal Flow- 
meter features stainless steel obstruc- 


tionless flowcell without moving 
parts. Sensing elements external to 
flow stream and isolated from it by 
welded seams are useful for measur- 
ing flow of corrosive or radio-active 
liquid, liquids under high pressure or 
at high temperatures, or liquids re- 
quiring sanitary handling in chemical 
and food processing industries.—F low 
Measurements Corp., 10506 Wheatley 
St., Kensington, Md. 
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GROUP 
and companion 
‘‘Master-test"’ 
group for extreme 
services requiring 
the ultimate in ac- 
curacy and stamina. 


ually 


GROUP 
also for tough serv- 
ices, but less se- 
vere than the condi- 
tions served by the 
“Mastergauge” 


GROUP 
for the general run 
of gauge services. 
Marsh quality and 
accuracy at a mod- 
erate price. 


Within these three comprehensive Marsh 
groups you have the world’s widest (yes, 
and wisest) selection of pressure gauges. 
These groups of gauges are not grades 
... they are kinds...the MARSH kind... 
which means that each gauge, within the 
scope of its rated use, is the BEST of its 
kind! 

Pick the right Marsh Gauge and you have 
the best answer to your gauge problem. 


tek for latest data 

MARSH INSTRUMENT COMPANY 
Division of Colorado Oil & Gas Corpora- 
tion, Dept. 42. Skokie, Ill. Marsh Instru- 
ment & Vaive Co., (Canada) Ltd., 8407 
103rd St., Edmonton, Alberta, Canada. 
Houston Branch Plant, 1121 Rothwell St., 
Sect. 15, Houston, Texas. 


MARSH 
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BREAKTHROUGH J 


100 Mc/s | 
Creel” 


DX-Xotpaat-1 
Counting 


4 


Concouncing a major advance in te avi of counilieg ... 


Eldorado’s Model 1050 Solid State Gated Counter — a triple purpose instrument for 


*100 Mc/s Direct or Gated Counting of random or continuous events 
* Time Interval Measurements with 10 nsec resolution* 
* Frequency Measurements without heterodyne conversion to 100 Mc/s* 


APPLICATIONS —The multipurpose Model 1050 is particularly suited 
for use in weapon or satellite systems, advanced electronic measure- 
ments, and nuclear research. Among specific areas of application 
are studies of missile velocity, acceleration and trajectory; space ve- 
hicle tracking; shock wave investigations; radar, telemetering, and 
communications; frequency stability, phase, and phase shift meas- 
urements; pulse width, rise, fall and duty cycle measurements; semi- 
conductor studies; astronomical measurements; nuclear flight time, 
coincidence, and particle burst studies. 


NEW LOGIC — KEY TO 100 Mc/s—The high counting rate of 
Eldorado’s 100 Mc/s instrumentation is made possible by new deci- 
BASIC DATA mal counting logic developed by Eldorado engineers — specialists in 


Gnnistbaids dint ‘Weenmuiainad Wesienneat nanosecond pulse techniques. 


STORAGE 10° counts (9 digits) For details on the new logic, contact your Eldorado engineering 
“alee acer” . representative for Bulletin D-1050, or write us direct. Demonstra- 
Better than 10 nanoseconds tions at your convenience. Please Address Dept. 54. 
TYPICAL INPUT PULSE REQUIREMENT 
+4 volts into 50 ohms 


TYPICAL START/STOP PULSE REQUIREMENT *When used as a time interval meter, Model 1050 re- 

—4 volts into 50 ohms quires an external oscillator for time reference; when 

vom tiene bees, Eldoreds con supply both The Eldorsdo 

time base. jorado can supply . ora 
ee ee Model 1060 Time Interval Meter with same resolution 
EXTERNAL TIME REFERENCE Trigger require- has a built in oscillator for time reference. 

ments same as for input pulse above or will 
Operate on 5 volt peak-to-peak 100 Mc sine wave 


Eldorado Electronics 


2821 Tenth Street + Berkeley 10, California « THornwall 1-4613 2 
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YES, NOW 
VISCOSITY 


CAN BE CONTINUOUSLY 


PROCESS 
CONTROLLED 


WITH THE 


BROOKFIELD 
VISCOMETRAN 


Unves actual process conditions, the Brookfield Viscometran accu- 
rately and continuously measures, records and controls viscosity. Readily 
mounted and integrated in existing processes, the Viscometran offers 
significant economic advantages over other methods of indicating degree 
of reaction, degree of polymerization or determination of process end point. 


Viscosity is very likely a variable that is 
fundamental in your process. For com- 
plete information about how the Brook- 
field Viscometran can provide continuous 
“in process” measurement of this product 
dimension for you, write— 


THE WORLD’S STANDARD FOR VISCOSITY 
MEASUREMENT AND CONTROL 


fbro0ktield 


ENGINEERING LABORATORIES, INCORPORATED 
STOUGHTON 316, MASSACHUSETTS 
BROOKFIELD VISCOMETRANS NOW SUCCESSFULLY USED FOR CONTROLLING: 


Asphalt * Caramel * Cement slurries © Durezresin-acetone slurries © Gluten slurries * Lignum-based 
polymers © Molten PoSs © Paper coatings © Polystyrene « Polyurethane resins © Ureaformaldehyde resin 
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DIFFERENTIAL PRESSURE 
SWITCH 


New 1630 Series Differential Pres- 
sure Switch features extreme low set- 
tings, visual setting, high reliability. 
One model may be set to open circuit 
on pressure differential increase of 
0.05” of water and to close on de- 
crease of 0.03”. Repetitive accuracy 
within 1%. Bulletin E-30.—F. W. 
Dwyer Mfg. Co., Dept. IT-5, Box 373, 
Michigan City, Ind. 
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DUAL OUTPUT VARIABLE 
DELAY LOGIC MODULE 


New Model 1321 De- 
lay C Data Bloc is vari- 
able from 0.1 usec to 0.7 
sec in 5 incremental 
steps (using front-panel 
selector) and continuous- 
ly variable between steps 
(using front-panel ver- 
nier control). For digital 
systems where adjust- 
able and/or long delays 
are required. Level out- 
put and pulse output 
available—Harvey- 
Wells Electronics, Inc., 
14 Huron Dr., Natick, 
Mass. 
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ANALOG-CHRONOGRAPH 
RECORDER 


; 3 
New instrument relates two types 
of recordings on one 6” strip chart. 
Center 3” portion of chart is analog 
measurement of dc wamp, ma, mv, 
volts; ac volts and amperes, etc. Six 
chronograph pens synchronize on-off 
time of related events or timing 
pulses with analog record by marking 
in enlarged margins of chart.—Ester- 
line-Angus Instrument Co., Box 596, 
Indianapolis 6, Ind. 
CIRCLE 210 ON READER-SERVICE CARD 





26 3 t-Talor-ige mm Veot-lel- mm aalelelell-1-e 
rE-¥-Y-Vaale}(-lemm (omm-1-1 a \4-me- ME-] ol-leit-| mm elelgaelet-1— 


This digital a-c ratiometer, designed to customer specifications for Nike Zeus 
checkout systems, typifies the Adage way with special purpose devices. 


Phase sensitive AC voltage 
ratiometer; 0.15% overall 
accuracy; 100 independent 
conversion per second; front 
panel display of sign plus 4 
octal digits; 13 bit pure 





binary parallel output, with 
special voltage and current 





swings. 


Adage design e analog-to-digital conversion e automatic checkout 
and production talents 


have been applied 
successfully to tailoring and e data acquisition, reduction e computer linkage 


delivering equipment for: and analysis 


e production test and inspection e process control 


Adage assures rapid and economic design and delivery of special equipment 
with a variety of input-output functions: 

AC-DC Conversion Differential Input 

Multiplexing Limit Test 

High Input Impedance Min-Max Peak Reading | 


Programmed Ranging and Magnetic go Pa Ha oe Tape, 
Mode Selection Typewriter & Printer Outputs 


For high-speed, reliable, and accurate systems components Chu Cle a 
engineered to your specifications, contact . . . pr men aoa 


292 MAIN ST., CAMBRIDGE 42, MASS. 


West Coast Facility: 1145 East Ash Avenue, Fullerton, California 


CIRCLE 74 ON READER-SERVICE CARD art," 
January 1951—Jnstruments & et Systems—Page 119 





PRECISE 
STAR 
TRACKER 


A celestial navigation system called 
for a tracking device capable of estab- 
lishing a line of position within an 
accuracy of 300 feet. Kollmorgen 


came up with a constant deviation | 


elevation system that positions a mov- 
able mirror, in relation to the fixed 
elements, to a repeatable accuracy 
of better than 5 parts in a million. 


This compact package represents a 
combination of highly precise opti- 
eal and electronic units in a housing 
only 6 x 6 x 10 inches. Kollmorgen’s 
project from concept to installation, 
it is a typical demonstration of the 
company’s scientific, engineering and 
manufacturing skills in optics, elec- 
tronics, mechanics. Example: the pre- 
cision optics (a prism and two mirrors) 
are of Kollmorgen manufacture. So, 
too, are the Inland terque motor’, 
the gearing and other precision-ma- 
chined parts. 


Our motive in this message: Koll- 
morgen offers proven capabilities in 
optics, electronics and precision ma- 
chining of metal components. . . cap- 
abilities which could solve your 
problems in missile tracking, fire 
controls, navigation, or.. .? 


Present us with a probiem. 


*Product of Inland Motor Corporation 
of Virginia, a Kollmorgen subsidiary. 
Dept. 12-! 
kK KOLLMORGEN 
C/ 


CORPORATION 








~ TON, 
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RESISTORS AND RHEOSTATS 


1-Watt 
Size A 


Two new ratings, l-watt and 7- 
watt, of molded wirewound resistors 
have been introduced. In the 1-watt 
rating: size A is 0.417” long x 0.50” 
dia, range to 4500 ohms; size B is 
0.542” long x 0.150” dia, range to 
6500 ohms. 7-watt size is 1.218” long 
x 0.323” dia, range to 30,000 ohms. 
Bulletin 153.—Ohmite Mfg. Co., 3642 
Howard St., Skokie, Ill. 


CIRCLE 211 ON READER-SERVICE CARD 
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ee Pe as 


DUCTOR TEST SET 


“~ 


New portable precision lab semi- 
conductor test set, Type 310, meas- 
ures standard “h” parameters of 
transistors at constant emitter cur- 
rent up to 100 ma, and constant col- 
lector voltage to 30 v; rectifier di- 
odes with up to 100-ma forward cur- 
rent; Zener diodes, 65 ma available at 
10 v, 50 ma at 15 v, and 30 ma at 20 
v. Leakage and reverse current test 
potentials range to 600 v.—Owen 
Laboratories, Inc., 55 Beacon Place, 
Pasadena, Calif. 
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shift 
phase 


FAST 
with 
AM&C 


FAZE-BOX 


Here is a low-cost preci- 
sion instrument that lets 
you shift phase from O 
to 180° in a matter of 
seconds. No more time- 
consuming construction 
of make-shift circuits 
every time a new phase 
shift problem arises — 
AM&C FAZE-BOX is there 
when and where you 
need it. Compact, easy- 
to-use, dependable. 


Up to 30 volts rms 


25 to 10,000 cps 


Input 
impedance .... 15,000 ohms approx. 


Same as input 


Controls .... Fixed-Phase selector 
Coarse phase selector 
Fine phase vernier 
3” hx642”wx3%"d 
overall 


AMERICAN MEASUREMENT & 


CONTROL, INC. 


240 Calvary St., Waltham 54, Mass. 


TWinbrook 4-6212 
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PORTABLE TAPE RECORDER 


Balm acelolo(-lomm hailed(-Jale 
Balatis ae ial-me), 


New portable Magnetic Tape Re- } 
corder, Model CP-100, is a complete 
7- or 14-channel recording and re- CON J R OLS 


producing system. Can be operated in 
its mobile case or mounted in stand- 
ard 19” rack. It accommodates either 
%” or 1” wide tape on 10%” reels, 
and provides six tape speeds from 
1% to 60 ips, as well as fast-forward 
and rewind. Direct or FM-carrier re- 
cording is employed.—Ampex Data 
Products Co., Dept. 511-1, 934 Charter 
St., Redwood City, Calif. 
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CV Series . . . diaphragm- 


NUMERICAL READOUT i or bellows-actuated control 


Series shun hate valves for precise control of 
perature control in the self- fluid flow " commercial od 
ops field, Available in 40° industrial applications. Pneu- 
adjustment ranges from matic or hydraulic operation. 
—35°F to +425°F. (Plus 8 
other styles.) 

1110 Fultro 
plete temp 


system insignet aliaalet: They look rugged, they are rugged 
package: ia Gee... . . » yet every Robertshaw control is 


troller, pie 


valve, pOsitive Valve” posi designed for performance first. Plant 
tioner: : P ° . ° ° P 
engineers in leading industries contin- 
ually specify Robertshaw for work- 
New TELEFIER remote readout a6 horse controls that stay on the job year 


device scans all burner circuits to . ‘ + 

ciadahili “tanabhe: seeks “Scena” = g after year with higher efficiency, lower 

signal to numerical readout indicator. cor maintenance. 

Units serve up to 23 burners.—Pro- Get the facts on dependable, moder- 

tection Controls, Inc., 7317 N. Lawn- ; 

dale Ave., Skokie, Ill. ate priced Robertshaw controls for 
CIRCLE 214 ON READER-SERVICE CARD an, 6 your particular field. Ask for catalog 


A-AL. 
FLATBED TAPE RECORDER 





New Model DS-7 Flatbed d Tape Re- 
corder and Playback Unit is light- 
weight, direct-recording, and_ self- 
contained. Time correction can be in- 
troduced on playback; reliable opera- 
tion provided by simplified plane-sur- 
face head carriage system. Requires 
12-v battery.—Electro-Technical 
Labs, Div. of Mandrel Industries, Box Robertshaw-Fulton Controls Company 
13243, Houston 19, Texas. 

CIRCLE 215 ON READER-SERVICE CARD FULTON SYLPHON DIVISION e KNOXVILLE I, TENNESSEE 

CIRCLE 77 ON READER-SERVICE CARD 
January 1961—Instruments & Control Systems—Page 121 








TABER (22D Y/N" SYSTEMS 


For Electrical Measurement of PRESSURES, actuate indicators, 
recorders and controllers. 


9 
ra Because the TELEDYNE can be DIRECTLY cable-connected to the 
_—— TABER INDICATOR (or ANY quality recorder or controller) as far as 4 
mile away, it becomes your best choice for measuring all gas and liquid 
pressures. No Auxiliary equipment is required, as the Taber Indicator has its 
own pre-amplifier and power supply. In addition, (1) Teledyne has an easy 
clean-out pressure cavity feature, (2) handles extremely corrosive media 
such as fuming NITRIC ACID and FLUORINE, (3) Bonded Strain Gage 
construction makes it relatively insensitive to vibration or shock, (4) has 
built-in overload protection at no extra cost. Repeatability 0.1%, Linearity 
0.25%, Hysteresis 0.25%, Ambient Temperature —100° to +275° F, 1 
Millisecond response, Pressure ranges up to 10,000 PSI. 
Write for //lustrated Literature 


TABER INSTRUMENT CORPORATION 
“Where the Accent is on Accuracy & Feoliabitity” 


Section 243. 107 Goundry St. North Tonawanda, N. Y. Telephone: NX 3-8900 TWX-TON 277 


2] 


Model 236 Pressure Indicator Indicator- Recorder 
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PHILADELPHIA © amare 


THERMAL CONTROLS AND @ KEEP YOUR 


THERMOMETERS —_— an | . OPERATING COSTS 
: 4 WHERE THEY 


SHOULD BE! 





Here is a speedy, economical 2 or 3-dimen- 


sional engraver used by thousands of dollar-con- 
. 5 scious companies. It features 5 positive, accurate 
pantographic ratios; ball bearing spindle with 3 speeds 
THE BEST 1 Y a4 up to 14,000 rpm. ts supplied with one copy carrier that You Make 


accepts all standard master type sizes. Will actually work up Your Own 


A half century of experience is back b to 10” by any width. Height of pantograph and Engraved 
of every instrument we make. You get | position of cutter are continuously edjustable. Nameplates! 

assured accuracy and long depend- 
able performance when you specify ; MODEL D-2 HEAVY-DUTY 2-DIMENSIONAL 
pg yk a a é Sy” Pantograph for milling, drilling and engraving. 

ar Ww Oh } 

your problem eo Bo field. Vertical adjustment of copy table automatic with 
Pantograph. Features: unobstructed on 3 sides to take 
SEND FOR CATALOG large work; micrometer adjustment for depth of cut; 
ball bearing construction throughout; spindle speeds up 
to 26,000 rpm for engraving or machining; vertical 
range over 10”; ratios 2 to 1 to infinity — 
master copy area 26” x 10” 

















NEW for use with Model D2 Pantograph Engraver 
to rapidly drill holes in printed circuits by trac- 

ing templates. Drills as many as 100 holes per 

MODEL D2-201 minute. Equipped with foot switch; spindle 
air cylinder; regulating valve and pressure 

PNEUMATIC geuge; filter and oiler. it's ready to use as 
ATTACHMENT = soon as it's attached to an air compressor 


GREEN INSTRUMENT COMPANY, INC. 


PHILADELPHIA THERMOMETER CO. Dept GER) 295 Vassar 51 


440] N Sixth St e Philadelphia 40, Pa Cambridge 39, Mass. Tel. Eliot 4-2989 





a CIRCLE 79 ON READER-SERVICE CARD CIRCLE 80 ON READER-SERVICE CARD 
Page 122—Instruments & Control Systems—Vol. 34 





SERVO AMPLIFIER 


New Model 122 solid state servo 
amplifier is 20-w 60-cps general pur- 
pose unit for de and ac inputs. A 100- 
mv input will cause 115-v 60-cps out- 
put to rated load. Unit is self protect- 
ing from excessive input.—K-F Prod- 
ucts, Inc., 3100 E. 43rd Ave., Denver 
16, Colo. 
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TEST POINT CONNECTORS 


New test point connectors can be 
located on printed circuit board or 
in eritical printed circuit applications 
for easy test takeoff points. Single 
or multiple contact types with 4 to 
42 test points for right-angle dip 
soldering to printed circuit boards. 
Variety of molding compounds. Bro- 
chure TP1060.—Electronics Div., De- 
Jur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1, N. Y. 
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TAPE SEARCH UNITS 


New series of tape search display 
units operates in conjunction with 4 
time code generators. ZA-841 reads 
time code supplied by ZA-801 24-bit 
BCD time code generator. ZA-842 
reads time code supplied by 17-bit 
binary time code generator, ZA-802. 
ZA-843 reads time code of 20-bit bin- 
ary ZA-803 time code generator. ZA- 
850 reads time code from ZA-810 time 
code generator which produces a 36- 
bit BCD days, hours, minutes and 
seconds code.—Electronics Engineer- 
ing Co. of California, 1601 E. Chest- 
nut Ave., Santa Ana, Calif. 
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CUSTOMER FIELD SERVICE 
FILAMENTS IN HARNESSES — 
MATCHED PAIRS Two matched pairs, improved 
(A) 2-inch leads wiring in balanced bridge with 
(B) 12-inch leads terminal panel, 12-inch elec- 
(Minimum order 5 pairs) trical leads and four tube nuts. 


MINIMIZE 


DOWN.-TIME! 





FACTORY REBUILDING OF YOUR 

THERMAL CONDUCTIVITY DETECTORS 
Detectors cleaned, re-filamented and bench-tested 
on specified carrier (0-5 mv. recorder or 0-1 mv. 
recorder as required). 





PANCAKE POWER SUPPLIES 
Solid state, 20 volts at 500 milliamperes. Helipot 
attenuator or decade stepping switch. Quick, easy 
hook-up. 


BIG SIGNAI 
LOW NOISE 
RELIABLE! 








ALSO AVAILABLE — 
® Thermal Conductivity Celis for Gas Analysis © Temperature Regulated Cells 
© Micro-Cell for use with '4’ Packed Columns, VPC e¢ Gas Density Detectors for VPC 
© Gas Bienders for Automatic Mixing of Gases @ Portable and Panel instruments 


VISIT BOOTH 406—PITTSBURGH CONFERENCE ON ANALYTICAL 
CHEMISTRY AND APPLIED SPECTROSCOPY, FEB. 27 TO MARCH 3. 


GOW-MAC INSTRUMENT COMPANY 
100 KINGS ROAD, MADISON, N. J., U.S. A. ¢ Telephone: FRontier 7-3450 








is here... -™ 


The Royal line in 

small panel meters... 

the PRINCE is a triumph ba 

in modern industrial design. ~° + : 


Thoroughly planned, ° 
developed and field tested 

with features that have made 
YEW panel instruments 
superior throughout 

the world. 


@ CORE MAGNET mechanism— 
except Movable Iron Type 


@ EZ-READ dial—extra long scale 
@ LOC-QWIK one screw mount 
e@ YEW RELIABILITY SINCE 1915 


e AVAILABLE in a complete line of 
2%", 342" and 4” models both AC & DC 








Y E.Yy| YOKOGAWA ELECTRIC WORKS, Inc. 














CIRCLE 82 ON READER-SERVICE CARD 
January 1961—Instruments & Control Systems—Page 123 





NEW GENERAL-PURPOSE OSCILLOSCOPE 


The Tektronix Type 503 has the operational features you are most likely to 
want in a dc-to-450 kc oscilloscope. It is engineered for your convenience... 
inherently simple and reliable, unusually light and relatively small for a 5-inch 
oscilloscope. 

Tektronix standards of quality in engineering, construction, and service apply 
to this new instrument. You can see and operate the Type 503 now—call your 
Tektronix Field Engineer for a demonstration. 


Adjusting insertion characteristics of an X band filter with an ALFRED Model 626 Microwave Oscillator and a 
Tektronix Type 503 Oscilloscope. Oscillator output is held constant to within = 1 db over the 8 to 10 kmc 
range with an ALFRED Model 708 Microwove Leveler. The sharp, bright presentation and vertical-amplifier 
stability of the Type 503 Oscilloscope permit continuous long-term adjustment of the filter. 

Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California 


Simplified Circuitry 
16 Tubes 


CONDENSED SFECIFICATIONS 


Identical Horizontal and Vertical Amplifiers 
Frequency response —dc to 450 ke (3db down 
Sensitivity—1 mv/cm to 20 v/cm, calibrated 
Differential input and constant input impedance 
at all attenuator settings 
Wide Sweep Range FOR 
| psec/cm to 5 sex cm, calibrated MAINTENANCE 
X2, X5, X10, X20, and X50 magnificatior 
Versatile triggering includes automatic operotior 


3-KV Accelerating Potential 
8-cm by 10-cm viewing oreo 


Size and Weight 
13%" high, 9%/,” wide, 214,” deep—about 29 Ibs 
A specification folder with full-color 
lustrations is available from your 


Tektronix Field Office 


Price $625 f.0.b. factory 


Tektronix, Inc. 


P. ©, Box 500 » Beaverton, Oregon «+ Phone Mitchell 4-0161 « TWX—BEAV 311 « Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquera 
Mass.) « Buffalo, N.Y. « Chicag 

(Lathrup Village, Mich.) « Endicott 

(Mission, Kan ) + Los Angel Ca 

L.t., N.Y. © Stamfc U 

N.Y. « San Diego, Calif,» San Franc 

Canada * Washington, 0.C. (Annanda 

TEKTRONIX ENGINEERING | REPRESENTATIVES: Hawt e Electror Portland, Oregor 

Tektronix is represent eng zatior 

In Europe please write Tebtrenis Inc., Victoria his St. Seanethe, ubiiads C.1., for the address of the 
Tektronix Representative in your country. 
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TEMP RECORDER-CONTROLLER 


New Model 7813 mechanical re- 
corder is available in two types: Elec- 
tric On-Off Temperature/Pressure 


Recorder Controller, non-contact type 
which may be combined with single 
or dual thermometers or pressure re- 
corders and indicators; Proportional 
Electric Temperature Recorder Con- 
troller which covers complete range 
(—100° to 1000°F) of liquid and 
mercury filled thermal systems.— 
Daystrom, Inc., Weston Instruments 
Div., 614 Frelinghuysen Ave., Newark 
12. Sek 
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THERMOCOUPLE CALIBRATOR 


New Thermocouple Input Condi- 
tioning and Calibrating System Mod- 
el 16T-100 features automatic 4-step 
calibration simultaneous or sequen- 
tial, calibration-set scale for direct 
reading of temperatures into low im- 
pedance galvanometer regardless of 
input lead length or resistance, ac- 
commodation of all thermocouples 
with reference junctions, individual 
channel span and damping resistors, 
individual calibration level resistors. 
—B. & F Instruments, Inc., 3644 N. 
Lawrence St., Phil. 40, Pa. 
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SURFACE THERMOMETERS 


Two new RdF Strapon Surface 
Thermometers operate from —100° to 
500°F, and _ intermittently from 
—300° to 575°F. Can be immersed in 
fluids or molded into units where in- 
side temperature is to be measured. 
Are commonly strapped to pipe to 
make measurements without shutting 
down process, interrupting flow or 
cutting pipe—Arthur C. Ruge As- 
sociates, Inc., Hudson, N. H. 
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ELECTRONIC MULTIPLIER 


PE 9a 6 ECS A ais He ES 


New dual electronic multiplier 
Model 3735 offers single-quadrant 
multiplication and squaring with ac- 
curacies of 0.01%. Four-quadrant 
multiplication accuracy is 0.05% full 
scale. Units are available in 2, 4, or 6 
channels and require no external pow- 
er supplies or amplifiers to work with 
analog computing equipment.—Don- 
ner Scientific Co., 888 Galindo St., 
Concord, Calif. 
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PRESSURE TRANSDUCER 


New P2-3000 Series variable-re- 
luctance de pressure transducers fea- 
ture small size and low power re- 
quirement. Type P2-3076, for pres- 
sure ranges up to 5000 psig, weighs 
5 oz and requires 3 ma at 28-v de for 
0- to 5-v de -output.—Daystrom 
Wiancko Engineering Co., 255 N. 
Halstead St., Pasadena, Calif. 
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WHEN DEPENDABILITY 
ew W14¢)114) 4 ae 


Trinity Thermowells assure the greatest degree of 
dependability through the most careful material 
selection and certification, plus outstanding manufact- 
uring and inspection techniques. Trinity Thermowells 
are products of the world’s leader and pioneer in the 
design, development, and manufacture of thermowells. 


PPRSSe ERR EY 


BOXED AND IDENTIFIED FOR 
YOUR CONVENIENCE 


Every standard Trinity Thermo- 
well is packaged in an easy-to- 
Store box that maintains factory- 
fresh condition of the well. 
Complete identification is pro- 
vided on end panel for on-the- 
shelf selection. 


WITH FAST, FAST DELIVERY 


Trinity maintains a complete stock of thermowells for fast 
customer service. Orders filled and shipped within 24 hours. 





Pls TRINITY THERMOCOUPLES 


a Trinity manufactures a complete line 
of thermocouples for every need in 


all configurations and wire types. 








‘WRITE FOR 


THERMOWELL wo THERMOCOUPLE 
MANUAL... 


Heat-Les Dryers @ Heat-reactivated Dryers 
Thermocouples and Thermowells 


TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK 


CIRCLE 84 ON READER-SERVICE CARD 
January 1961—I/nstruments & Control Systems—Page 125 





Wa 
IMPEDANCE 
MEASURING 
SYSTEM... 


model 


An improved, ~” 
Ultra-High Performance Model 
of the 291 Laboratory Favorite 


NEW HIGHER ACCURACY 
Resistance, 0.05% —capacitance and 
inductance, 0.1% 


NEW GREATER RESOLUTION 
Four-dial Dekadial” decade dial provides 
120,005 divisions of resolution. 


NEW IMPROVED RESISTORS 
Extremely low temperature coefficient and 
high stability assure measurements 
of maximum accuracy. 


NEW NO ZERO CAPACITANCE 

Requires no correction for zero capacitance inside 
the bridge. Simplifies making three-terminal 
capacitance measurements. 

Includes both ac and dc generators and detectors which have been specifically designed 

for use with the bridge, thus assuring adequate sensitivity for attaining specified accu- 

racy throughout the measurement range. 

Price: $1095, f.0.b., Portland, Oregon. Delivery 30 days. 


® SEND FOR DESCRIPTIVE LITERATURE 


Impedance Bridges and Accessories 
Decade Voltage Dividers 

Decade Resistors and Capacitors 
ESIAC Computers 


Electro Scientific industries 
7524 S.W.MACADAM + PORTLAND I9, OREGON 
CHerry 6-3331 


formerly/ ELECTRO-MEASUREMENTS, INC. 
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15-Me OSCILLOSCOPE 


tae 


New Model 160B oscilloscope uses 
a series of newly-designed time axis 
plug-in units: Model 166C display 
scanner; Model 166D sweep delay 
generator; Model 162A dual trace 
amplifier (20mv/cm sensitivity). Pro- 
vides 24 calibrated sweep times, 0.1 
usec/em to 5 sec/cm, with +3% ac- 
curacy. A sweep magnifier increases 
the fastest sweep to 0.02 usec/cm.— 
Hewlett-Packard Co., 1501 Page Mill 
Rd., Palo Alto, Calif. 
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New ADVisor Data System uses 
shaft-position digitizer (photoelectric 
type), shaft velocity digitizer (photo- 
electric-counting type), pulse rate 
digitizer, logic unit, counter module, 
and Perfograph recorder (using elec- 
tronic-incinerated perforated tape) .— 
Advanced Instrument Corp., 700 S. 
Fourth St., Richmond, Calif. 
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INFRA-RED RELAY 


New Model 5121 Infra-Ray Relay 
adjustable heat-sensing device can be 
used remotely from hot-forming pro- 
cesses to actuate water sprays, take- 
up reels, pouring devices, furnace 
doors, conveyors, etc. Optical system 
and detector element provide i2-in* 
discriminate field of vision 20 ft from 
relay. Set for maximum sensitivity, 
relay is energized by a 1-in® object 
from 10 ft, at 1100°F and moving at 
6 ips.—Daystrom Ine., Weston In- 
struments Div., 614 Frelinghuysen 
Ave., Newark 12, N. J. 
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GAS ANALYZER-MONITOR 


New Therma Bridge gas analyzer- 
monitor for continuously scanning at- 
mospheres surrounding missile fuels 


measures hazardous concentrations 
down to 0-10 ppm Unsymmetrical- 
dimethyl hydramine (UDMH) or 0- 
100 ppm Nitrogen Tetroxide in air 
full scale. Monitor triggers alarms 
and emergency ventilating systems 
when air becomes dangerous.—I/ndus- 
trial Instruments Engineering Corp., 
89 Commerce Rd., Cedar Grove, N. J. 
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SOLENOID VALVE 


New compact solenoid valve with 
%” pipe connections, forged brass 
body and bonnet and soft composition 
disc, handles gas to industrial and 
commercial boilers and furnaces or in 
any low pressure control system.— 
Automatic Switch Co., Florham Park, 
Neds 
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TRANSISTORIZED POWER 
SUPPLY 


New transistorized power supply, 
Type SCRT 60V-7.5A-1, supplies reg- 
ulated de at high current, has output 
of 0-60v de at 0-7.5 amp (both sides 
floating with respect to ground). Dy- 
namic response less than 200 mv 
transient spike for 100 usec for a 
+ l-amp step change in load current 
and less than +1v transient spike 
from 7.5 to 0 amp.—Del Hlectronics 
Corp., 521 Homestead Ave., Mount 
Vernon, N. Y. 
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differential or 


READ 


gauge pressure 
quickly... 
accurately... 


reliably 


Wallace & Tiernan Aneroid Dial 
Indicators give you fast response, 
high sensitivity, reliable 
accuracy. 


Whether you're in testing, man- 
ufacture, or research, there’s a 
W&T Dial Indicator that’s ideal 
over a wide range of differential 
or gauge pressures. 


A W&T Aneroid Dial Indicator 

guarantees you: 

* Accuracy 0.1% to 0.33% 

* Sensitivity 0.01% to 0.2% 

* Range 0-10” H20 to 0-500 
p-s.i.g. 

* Light weight, small size 

* Custom-calibrated dial 

* No corrections 


W&T Aneroid Dial Indicators are also furnished 
as compound gauges with zero center for measur- 
ing both pressure and vacuum. 


Find out how these reliable, easily read dial indi- 
cators save you man-hours. For full information 
on their convenience, adaptability, dependability, 
and other outstanding features, write Dept. A-129.48. 


WALLACE & TIERNAN INCORPORATED 





2S MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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BINARY CODE GENERATORS 


New Binary Time Code Generators 
for data processing, transmitting and 
computing systems, and automatic 


PYRAMID 


“INSTRUPACK”’ 


(TUBING BUNDLES) 


POLYETHYLENE 
TUBES ENCLOSED IN 
VIRGIN PVC 
(VINYL) SHEATH 


STANDARD 


Tubing 4’ O.D. x .040” Wall, .045” or .062” Sheath 
Tubing — %” O.D. x .062’’ Wall, 045” or .062” Sheath 


Tough vinyl outer sheath with excellent chemical 
atmospheric resistance. Inside tubes are Polyethylene 
available in standard colors with pair of telephone 
wire leads. Lengths to requirements. 

STOCK POLYETHYLENE TUBING—'4” O.D. x .040” 
wall and %” O.D. x .062” wail, in standard colors. 


PLASTIC COATED METAL TUBING-—standards and 
specials to order. 
Write for Bulletin PPI-59. 


PYRAMID PLASTICS, INC. 


556 W. Polk St.. Chicago 7, Ill. 
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The Otto Wolff Standard 
Guarded Volt Box is the 
original box described and 
illustrated in NBS-RP1419. It 
has been in continuous pro- 
duction by Otto Wolff since 
1924. The Model S42 is the 
unit shown in RP1419 and has 
the characteristics described 
therein. The Model SG42 is 
a later development offering 
a ratio accuracy of 0.005%. 
On special order models with 
a maximum voltage of 1500 
volts are available. The 
Model SG42 has all critical 
resistors hermetically sealed. 
It may be used in air without 
internal temperature control. 
Write for PRL Technical 
Note 332 VB for details of 
the world’s most complete 
and accurate volt boxes, shunt 
boxes and voltage dividers. 


a cn 





control systems are basically shaft 
position encoders that convert analog 
data from shaft position angles into 
digital output signals. Many types of 
output code, timing periods, drive 
systems, and control and accessory 
equipment can be combined to satisfy 
requirements.—A. W. Haydon Co., 
Waterbury, Conn. 
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TUBULAR PHOTOELECTRIC 
UNIT 


New Tubular Control Type 22LB65, 
contains transistorized, printed cir- 
cuit in flashlight-type cylinder (7%” 
x 15%” dia) with conduit hub thread- 
ed for %” pipe for simple direct 
mounting in any position. With 
matching light source Type 40CE1, 
relay operates with light impulses 
as short as 0.015 sec at light beam 
ranges to 20’.—Photoswitch Div., 
Electronics Corp. of America 1 Me- 
morial Dr., Cambridge, Mass. 
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SUB-PANEL DIGITAL READOUT 


New Series 120.0. miniature Digi- 
tal Readout, mounted 1%” behind lu- 
cite viewing screen, rear-projects dig- 
it onto screen. Digits (5%” high) vis- 
ible from any angle; no mounting 
holes on readout panel.—Industrial 
Electronic Engineers, Inc., 5528 Vine- 
land Ave., N. Hollywood, Calif. 
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OPTIMUM LOAD CONTROLLER 


is 4 


New Loadtrol maintains preset load 
on drive motor of process equipment, 
machine tools or web handling ma- 
chinery to increase or decrease feed 
rate, flow rate, or brake pressure. 
Matches motor load to control signal 
through shunt or current transform- 
er in motor circuit.—Jordan Controls, 
Inc., 3235 W. Hampton Ave., Milwau- 
kee 9, Wis. 
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LIQUID LEVEL INDICATOR 


New liquid-level indicator uses an 
electronic control and sensing ele- 
ment combined as a unit to measure 
lubricants and other liquids on air- 
craft and industrial engines where 
heat and vibration prevent use of con- 
ventional indicators.—Electronics 
Dept., D-40, Hamilton Standard, 
United Aircraft Corp., Broad Brook, 
Conn. 
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PEN LIFTER XY RECORDER 


New Model HR-93 XY Recorder 
has electric pen lift mechanism al- 
lowing point plotting, family curve 
tracing and rapid non-recording pen 
indexing. Lifter can either be oper- 
ated with hand-held manual control 
box or can be tied into test circuitry 
for automatic operation—Houston 
Instrument Corp., Box 22234, Hous- 
ton 27, Texas. 
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Kearfott Uninterrupted Power Systems... 


FOR CONTINUOUS, UNVARYING 
POWER AT ALL TIMES 








== NORMAL POWER FLOW | ; 
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Typical applications: Nuclear Reactors » Power Distribution 
« Digital Computers « Process Control» Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies power to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restored to readiness by 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 
tions. 

Generator ratings to 

150 KVA 60 and 400 cycles, 

single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application, 


For complete data on the wide variety of arrangements available, write to 


KEARFOTT DIVISION 


Cp ’ GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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INSULATION TESTER | PORTABLE PRECISION 
Model L-5 AC-DC INSTRUMENTS 


accuracy 
0.5 of 1% 
of full 
scale 


Expanded Scale © DC, AC and High Frequency 
Quick response Voltmeter and A ter 
Silent Generator DC: Model MPF 

CORE MAGNET mechanism AC: Models SPF, CFF 
indicator HF: Model TPF 

Housed in light metal case 





© Wattmeter 


Optional accessory of 
DC-AC: Model DPB-1W 


leather carrying case and leads 











Y EWy| YOKOGAWA ELECTRIC WORKS, Inc. 


40 Worth Street - New York 13, N. Y. 














CIRCLE 90 ON READER-SERVICE CARD 





coe parma 





Established 1847 


QUALITY .. OVER 100 YEARS .. PROGRESS 


Glass o> eS 


PRECISION EXECUTION for instrument dials and 
other industrial and technical uses. 


CLEAR X-RAY LEAD PLATE GLASS 
COLORED MALTESE NON-REFLECTING GLASS 
SAFETY MALTESE SATIN GROUND GLASS 
TEMPERED INSTRUMENT LENSES 
HEAT RESISTING PILOT LIGHT LENSES 





Mirrors... 


“EVABRITE” FIRST SURFACE MIRRORS — 
High reflecting hard metal coatings—direct reflec- 
tion without parallax. 


“EVALAST” Mirrors—silver backing protected 
by electroplating of copper—Eliminates deteri- 
oration through moisture, etc. Conforms to Gov- 
ernment specifications. 


We solicit your glass and mirror specifications for quotation 


SEMON BACHE & COMPANY 


636-638 GREENWICH ST. NEW YORK 14, N. Y. 
For New York—WAtkins 4-212! For New Jersey—MArket 4-5328 
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AIR DRYER 


* 
ag b 


New Series-E non-cycling Air Dry- 
er (rated capacity of 10 scfm at 100 
psig) air conditions and ventilates 
control systems, printing press and 
other pneumatic feeds, processing and 
production lines, etc. Unit dries air 
and gases by mechanical refrigera- 
tion, needs no cooling water, and elim- 
inates ambient temperature variance 
problems.—Hankison Corp., College & 
Pike, Canonsburg, Pa. 
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SOLENOID VALVES 


Complete line of solenoid valves has 
epoxy-clad coils which make them im- 
pervious to condensation, frost, oil, 
gasoline, fluid spray, etc.—Jackes- 
Evans Mfg. Co., 4427 Geraldine Ave., 
St. Louis 15, Mo. 
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DRUM-PROGRAMMED 
DATA SYSTEM 


[ PROGRAMMING | 
- 


7 

















Selection 
Conversion 
Comperison 

New solid-state Bailey 750 infor- 
mation system features magnetic- 
drum programming and digital com- 
puter for performing all computing 
functions. It continuously scans, lin- 
earizes, ranges and digitizes all in- 
puts and stores digital values of each 
measurement on magnetic drum.— 
Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio. 
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ON-STREAM 
ANALYSIS-CONTROLLER 


New AutoAnalyzer for on-stream 
control of boiler phospate feed and 
determination of boiler silica content 
automates power plant chemistry. Its 
proportioning pump handles as many 
as 8 reagents simultaneously. Pump- 
ing rates: from 0.32 to 3.50 ml/min.— 
Technicon Controls, Inc., Chauncey, 
N.Y. 
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ULTRASONIC GENERATOR 


” 


mentee, 


he | 
4 ind 
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New Inson PW highly-flexible 100- 
w ultrasonic generator has connec- 
tions for any of 10 output impedanc- 
es. Frequency may be 10 to 100 ke 
or greater. Applications: ultrasonic 
welding, soldering, splicing cleaning, 
drilling, ete.—International Ultrason- 
ics, Inc., 1697 Elizabeth Ave., Rah- 
way, N. J. 
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WORD COUNTER 


Operating at 60, 75, and 100 wpm 
speeds, new counter automatically 
measures message traffic on teletype- 


writer circuits, presents numbers on 
illuminated face. Features built-in 
transistorized line relay permitting 
direct connection into printing tele- 
graph circuit with no inductive effect 
and negligible signal distortion.— 
Western Apparatus Co., Div. of 
Comptometer Corp., 5600 Jarvis Ave., 
Chicago 48, IIl. 
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HEISE GAUGES 


MICRO-SLIDE 


: | | 
FULL SCALE READING (P.5S.1.) 
0-15 to 


0-5,000 
inclusive 


$286.50 | $336.50 
$332.50 | $382.50 


DELIVERY — 2 WEEKS FOR MOST RANGES — PRICE F.0.B. NEWTOWN 
} 
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MARSHALLTOWN 


DIAPHRAGM 
GAUGES 


for accurate pressure meas- 
urement in ounces or inches 
of water 


Standard dials reading in inches of 
water, ounces, centimeters or milli- 
meters up to 10 P.S.I. All Marshall- 
town diaphragm gauges are extremely 
sensitive and accurately measures 
very low pressures. 

Let Marshalltown answer your 


gauge problems . . . write for 
information and prices. 


MARSHALLTOWN MANUFACTURING, INC. 
A Subsidiary of The Electric Autolite Company 


MARSHALLTOWN, IOWA 
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Ultra-fast Optics 
for 
INFRA-RED 


Instrumentation 


Reflective Optics 
Cassegrain Systems 
Paraboloids to f/.3 
Off-axis mirrors 


Refractive Optics 
Si and Ge Optics 
IR Windows 
Aspherics 
Mechanical Mountings 


John Unertl Optical Co. 


3551-55 East St. 
Pittsburgh 14, Pa. 
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STATIONARY MAGNET CLUTCH 


New 5.5 SMR Stationary Magnet 
Clutch has stationary magnet, ball- 
bearing mounted, for ease in assem- 


bly and alignment. Coils can be 
wound for up to 115-v de max, anc in- 
sulated with Class “A” through “H” 
insulation. Has 45 lb-ft torque rating; 
can be converted to magnetically set 
brake by securing rotor to magnet 
body; available in split and thru- 
shaft arrangements.—Stearns Elec- 
tric Corp., 120 N. Broadway, Milwau- 
kee, Wis. 
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VIBRATION EXCITER 


New Model VS-10 is for production 
vibration testing of small components 


requiring accurate control and analy- 
sis of high frequency vibration. Fre- 
quency range 20 cps to 27 keps; pow- 
er supply 75 w continuous without air 
cooling, 200 w intermittent with 10- 
psi air supply; nominal force output 
20 lb.—Vibrasonics, Inc., 10 High St., 
Joston, Mass. 
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PANEL AC VTVM 


New Model 130-1 AC VTVM has 
standard ranges in single-scale sensi- 
tivities ranging from 10mv to 300v, 
input impedance of 1 megohm, and 
1% accuracy for measurements from 
50 to 50,000 cps.—Trio Laboratories, 
Inc., Plainview, L. I., N. Y. 
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SAVE TIME 
Flite ie 4 od Bb) 3 
on PURCHASING 


RELAYS 


IMMEDIATE DELIVERY 


Off Shelf Items 


DELIVERY WITHIN 1 WEEK 


Items requiring assembly and/or adjustment 


ibe. telemelele) Xx 
RELAYS in 20,0008 
DIFFERENT TYPES 

MOST MAKES & 
= oe 





WE DELIVER RELAYS 
NOT PROMISES 


PRODUCTION QUANTITIES IN STOCK 
SEND FOR CATALOG ICS 














42 WHITE ST. NEW YORK 13, N. Y.eWAlker 5-9257 
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SLIDING GATE SEATS 


Complex design can be a need- 
less luxury in Control Valves. 
Look at the simplicity of the 
OPW-Jordan Control Valve! Yet 
you'll get close control and 
far lower costs. 
The answer? Self-cleaning, self- 
lapping Sliding Gate Seats. 
Get the facts in free Catalog 
J170-1. Send for yours today. 
DCv-3 








6013 Wiehe Rd. 
10} Aen t@)580F-enm Cincinnati 13, Ohio 
EL 1-1352 
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LABORATORY STANDARD 


R. F. VOLTMETERS 


@ Flat response to 100 megacycles/sec. 
Ideal for checking V T V M's 
Calibrate on D.C. or 60 cycles/sec. 
Can be certified by Bureau of Standards 
Separate thermocouple units available in 
ranges | volt, 3 volts and 10 volts 
Also units for 30 volts and 100 volts with 
less frequency range 


Write for Bulletin 800. 


Kawsou 


ELECTRICAL INSTRUMENT CO. 


fine instruments since 1918 


112 Potter Street °¢ #Cambridge, Mass. 
« 
LESTE eee era 











READ 
TEMPERATURES 


with the improved 


PYRO 
OPTICAL 
PYROMETER 


e Accurate 
e Direct reading 
e Rugged 
e Standard ranges 
5  1400° F to 7200° F 


Send for catalog No. 85. 


PYROMETE® " STRUM 


INC 
BERGENFIELD 4, NEW JERSEY 
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NEW 
INSTRUMENTS 





SYNCHRO TRANSMITTERS 


Two new series of synchro trans- 
mitters for applications where remote 
pressure sensing is required: TL Se- 


‘ 


ries for low pressure measurements 
from 0-10 to 0-350 psi are available 
in 115 and 26 volt designs for use at 
400 and 60 cycles and feature a dual 
aneroid capsule design; TH Series 
for higher pressure measurement 
from 0-600 through 0-20,000 psi uses 
helical Bourdon tube element.—Serv- 
onic Instruments, 640 Terminal Way, 
Costa Mesa, Calif. 
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SOLID STATE ANNUNCIATOR 
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New Trans-Alarm solid state an- 
nunciator offers circuitry for every 
alarm function. Each annunciator 
point is plug-in assembly making 
every signal station independent.— 
Tigerman Engineering Co., 43832 N. 
Western Ave., Chicago 18, Ill. 
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Cus TS ON 


CONDUCTIVITY 


ACCURATE TEMPERATURE 
COMPENSATION 


The overall accuracy of an electrolytic con- 
ductivity system is governed to a larger extent 
by the accuracy of its temperature compensator 
than by any other single factor...and probably 

..by all other factors combined. 

A prime requisite for high accuracy in conduc- 
tivity measurements is a good match between 
the temperature coefficient of conductivity of the 
solution under test, and the characteristics of the 
temperature compensator. A small departure mul- 
tiplied by a large number of °F can produce an 
impressively large error. 

















+ 
+ 
+ 
+ 
T 




















The above curve demonstrates the extent to 
which the temperature-conductivity characteris- 
tics of four common solutions differ from each 
other. Q.s, shown as the vertical coordinate, is 
the ratio of the conductivity of a solution at t°C 
to the conductivity of the same solution at 25°C. 
A temperature compensator designed to match 
any one of these solutions would fail miserably 
if used for any of the others. 

Industrial Instruments, for many years, has rec- 
ognized the need for close matching of the tem- 
perature compensator to the service requirements 
of the conductivity equipment. Over 500 different 
manual temperature compensators and 200 auto- 
matic temperature compensators are immediately 
available for applications ranging from ultra-pure 
demineralized water to fuming sulphuric acid, and 
from 20°F to above 300°F. 

industrial Instruments stends ready to serve you 
with authoritative information and the best in 
Electrolytic Conductivity Equipment... Electrolytic 
Conductivity is Our Business! 

Solu Bridges ... Continuous Indicators... Electrode- 
less Conductivity Systems. ..Battery-Operated Re- 
corders...Larson-Lane Steam & Condensate Ana- 
lyzers... Thallium Dissolved Oxygen Analyzers... 
Circular & Strip Chart Recorders...Conductivity 
Cells...Platinizing Kits & Supplies... Sample Cool- 
ers & Cell Holders... Therma Bridge Gas Analysis 
Equipment. 


Industrial 
cae 


Instruments 


VTC LALA 
Instrume nrg inc 
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THERMOCOUPLE 
COMPONENTS 


Wires, insulators, protecting tubes, 
heads, blocks, connectors and miscel- 
laneous components—supplied in 
countless combinations, for highest pos- 
sible accuracy in any given application. 


Thermocouple components are among 


many thousands of accessories—all avail- 


able from a single dependable source 
-that can help 
your instruments 
perform at their 


very best. 

Get complete de- 
tails from your 
nearby Honeywell 
field engineer, or 
write today for 
Catalog G100-3. 
MINNEAPOLIS-HONEYWELL, Wayne and 


Windrim Avenues, Philadelphia 44, Pa. 
in Canada, Honeywell Controls, Ltd,, 








Toronto 17, Ontario, 


Honeywell 
fa Fiat i Coitiol 


since 1886 
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New Model 3820 2-channel direct- 
writing oscillographic recorder with 
heated stylus is in portable case and 
has 2 current-feedback amplifiers 
(each with floating and guarded in- 
puts). Response is de to 125 cps at 
10-div amplitude—Sanborn Co., In- 
dustrial Div., 175 Wyman St., Wal- 
tham 54, Mass. 
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RECORDING ANNUNCIATOR 


NEW SCAM RECORDING 
ARNUNC LATOR 


New automatic recording annunci- 
ator records (prints) selected “off- 


normal” and “return to normal” con- 
ditions at command of simple contact 
devices (switches and relays). Record 


includes specific condition and month, 
day, hour, minute and second of oc- 


currence.—Scam Instrument Corp., 
3101 N. Lowell Ave., Chicago 41, Ill. 
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HIGH TEMP OVEN-FURNACE 


New Laboratory Furnace features 
fast heat-up (from ambient to 1600°F 
in 30 min) and new high temp, com- 
pact insulation that reflects more 
than 90% of exposed radiant heat 
and allows increased hot chamber 
volume in smaller furnaces.—Sham- 
paine Scientific Co., 615 E. 1st Ave., 


Roselle, N. J. 
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QD BooKs-— 


DIGITAL APPLICATIONS 
OF MAGNETIC 
DEVICES 
Sr. Editor: ALBERT J. MEYER- 


HOFF, Burroughs Corporation 
Research Center. 


Conceived and planned at the 
request of the Office of Naval 
Research, this book provides the 
necessary tools for magnetic cir- 
cuit design. Both text and hand- 
book, it describes theory, elec- 
trical design, logical design, and 
system design necessary for the 
development of digital systems 
using the toroidal permanent 
magnet or magnetic core as the 
basic circuit element. 


1960 604 pages $14.00 
RADIATION PYROMETRY 


AND ITS UNDERLYING 
PRINCIPLES OF RA- 


DIANT HEAT TRANSFER 
By T. R. HARRISON, Minneap- 


olis-Honeywell Regulator Co. 


Covers 1) theory; 2) principles; 


3) details on construction and 
operation of instruments, in order 


to show desirable designs for 
different types of service, calibra- 


tion characteristics, and the like. 


1960 234 pages $12.00 
Ready in March .. . 


Peterson’s 


ERROR-CORRECTING 
CODES 


A Technology Press Book, M.LT. 


For your on-approval copies write to 


John Wiley & Sons, Inc. 


440 Park Avenue South 
New York 16, N. Y. 
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NEW 
STROMBERG-CARLSON 


TELEPHONE 
HANDSET 
CRADLE 


... for positive retention 
in all mobile applications 


There’s no jump, no sway—when a 
telephone handset is in the firm 
grip of this new handset cradle by 
Stromberg-Carlson. 

Heteniny clip spring assembly 

Pee assures posi- 
tive retention 
in any mobile 
application on 
land or sea, or 
in the air. 
Evenextreme- 
ly severe jars, 

jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly. 

Specifications on request. In At- 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HAr- 
rison 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommuni- 
cation Industrial Sales, 113 Carl- 
son Road, Rochester 3, New York. 


STROMBERG -CARLSON 


A OIVISION OF 


GENERAL DYNAMICS 
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ROUND CHART RECORDER 


New two-pen potentiometric round- 
chart recorder-controller is accurate 
to +%%. Measurement circuits may 
be either potentiometric or bridge- 
type, or combination. Zener diodes, 
which eliminate use of dry cells and 
standard cells, offer constant voltage 
reference accurate to +0.05%.—Gen- 
eral Electric Co., Schenectady 5, N. Y. 
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PHOTOELECTRIC TACHOMETER 


New photoelectric tachometer for 
precise digital measurement of shaft 
speeds, particularly on sub-fractional 
motors, uses integral light source, 
60-segment rotating interrupter, pho- 
tojunction cell, and special transistor 
amplifier. Measures any speed from 0 
to 25,000 rps (25 kc) with required 
driving torque of 0.05 in-oz at 3600 
rpm.—Servo-Tek Products Co., 1086 
Goffle Rd., Hawthorne, N. J. 
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TRANSISTORIZED TIMERS 


New G-V Types 401 and 404 Tran- 
sistorized Time Delays for prototype 
and general use have delay interval 
adjustable over 10 to 1 range, and 
five overlapping ranges that span 
0.1 to 300 sec. Time delay determined 
by value of resistor connected between 
two external terminals. Repeatability 
of +1% with nominal 28-v de under 
constant operating conditions. Tech- 
nical Bulletin 80.—G-V Controls Inc., 
101 Okner Parkway, Livingston, N. J. 
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CHARTS 


for Recording 


Instruments 


We offer to the 
Instrument Maker 
Charts for all methods 
of Recording: Pen, 
Ball Point, Electrical, 


Thermal, Pressure and 
Metallic Stylus. 


Precise quality 
control of materials, 
modern specialized 
equipment operated 
under controlled 
atmospheric humidity 
conditions by highly 
skilled and experi- 
enced personnel 
combine to produce 
Charts of uniformly 
high accuracy. 





(,UBELMAN 
CHARTS INCORPORATED 
100-6 E. KINNEY ST., NEWARK 5, N. J. 
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“PLUG-| 


J NEW 


WICK-CHANGE 
’ TIMERS 


REMOVE AND REPLACE IN SECONDS 


The new plug-in feature of the Atcotrol 
Reset Dial Timer permits fast, easy 
timer removal and replacement... 
keeps industrial process ‘‘down time” 
to a minimum because complete 
timer changes can be made instantly. 


These Series 305 miniaturized timers 
control up to six individual load cir- 
cuits, AC or DC, within variable timed 
intervals or sequences, with high re- 
petitive accuracy. Able to perform 145 
different circuit functions, they reset 
in less than 1/10 second, either stop 
or reset upon power interruption. As 
with all Series 305 timers, the plug-in 
model offers exclusive one-hole 
mounting. 


PLUG-IN CONVERSION KIT 


Standard Series 305 timers will continue to 
be made available for applications where the 
plug-in feature is not desired. These timers 
and those already installed, however, can 
easily be converted in the field to plug-in 
models 


For complete specifications and a 
schedule of prices, contact your near- 
est ATC sales office. Request Bulletin 
N-141. 


_ WHEN INSTALLED, the plug-in model’s 
plated, non-corrosive hex sockets engage 
plated banana plugs in a tubular case for 
positive spring pressure contact. A keyed 
guide pin aligns timer in its tubular en- 
closer, protrudes through rear to accept a 
snap-in cotter pin clip, assuring continuous 
full-contact engagement. This safety clip 
must be removed before unplugging a 
“hot” timer, so that only authorized per- 
sons can make timer replacements. An op- 
tional front-mounting clamp is available for 
installation where rear accessibility cannot 
be accomplished. 


® 


AUTOMATIC TIMING & CONTROLS, INC. 
KING OF PRUSSIA, PENNSYLVANIA 


A Subsidiary of American Manufacturing Company, Inc. 
ATC, Div of Interprovincial Safety Industries, Ltd., 5485 Notre Dame St., West, Montreal 30, Quebec. 
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COMPUTER COMPONENTS 


New “do-it-yourself” analog com- 
puting components combine for engi- 
neering and process control comput- 
ing functions. TR-5 mounting unit, 
which holds up to 6 computing com- 
ponents and power supply, is pre- 
wired to accept 5 more dual ampli- 
fiers and has space for 5 more dual 
modules or 10 single linear or non- 
linear computing components.—Elec- 
tronic Associates, Inc., Long Branch, 
N. J. 
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WEIGHING/RECORDING SCALE 


New Dynaprint weighing and re- 
cording scale for conveyor lines rec- 
ords individual weights and totalizes 
automatically. Employs crossed-flex- 
ure, 3-point suspension system with 
hydraulic load-cell. Ranges available 
to 2000 Ib. Catalog 200.—Dynametrics 
Corp., Northwest Industrial Park, 
Burlington, Mass. 
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CONTINUOUS STREAK CAMERA 


& 


New Model 339 Sweeping-Image 
Camera, producing an uninterrupted 
50” streak image on 35-mm film, can 
be used for documentation of random- 
ly occurring events not suitable for 
synchronization with the instrumen- 
tation. Writing rate is 9 mm/ysec at 
max mirror speed of 2600 rps; time 
resolution, 5 x 10° sec; minimum 
total writing time, 145 ywsec.—Beck- 
man & Whitley, Inc., San Carlos, 
Calif. 
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ANALOG/DIGITAL CONVERTER 


New DIGISYN Type RD-13G 
shaft-position, optical (non-contact- 


ing) analog-to-digital encoder pro- 
vides 8192 (2") codes per revolution 
without gearing. Features modular 
plug-in components, _ self-contained 
spares that permit field servicing 
without special tools, provision for 
“go-no-go” testing remotely and for 
monitoring operation during a mis- 
sion.—Adcon Div., Wayne George 
Corp., 588 Commonwealth Ave., Bos- 
ton, Mass. 
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PORTABLE TEMPERATURE 
INDICATOR 


New Model 583 _ battery-powered 
Temperature Indicator has thermis- 
tor sensing probes and batteries hav- 
ing an estimated life of several thou- 
sand hours. Available in ten differ- 
ent ranges, from —30° to +350°F, 
and uses interchangeable probes for 
air, liquid and surface temperature 
sensing.—Fenwal Inc., Pleasant St., 
Ashland, Mass. 
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VALVE FLANGES 


New integral flanged end connec- 
tions on high pressure 1” and 2” 


angle and globe cast steel valve bodies 
for oil and gas production, power 
plant installations and process indus- 
tries have 1500 or 2500-lb ASA 
flanges.—Fisher Governor Co., Box 
307, Marshalltown, Iowa. 
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calibrate 
ac airerers 0 
lab standards yourself! 


with this stable, 
low-distortion ac power source 


New from Krohn-Hite: this variable-frequency, 50 watt ac power 
source, with less than 0.01% amplitude stability and 0.1% harmonic 
distortion! The LDS-1500 offers a continuously-variable wide range 
of voltage and current—up to 1500 volts, and up to 12 amps, at any 
frequency from 20 cps to 20 kc. 


Here is the long-desired combination of short-term stability and low 
distortion for calibration, by the comparison method, of all conven- 
tional indicating ac voltmeters and ammeters, and digital meters 
normally used for laboratory measurements. 


Now you can calibrate your own meters at precisely the frequencies 
you require. Because of the push-buttons and vernier controls, fre- 
quency settings are positive, convenient, and resettable to better 
than 0.01%. 


As a general-purpose variable frequency source of distortion-free, 
highly stable power, the LDS-1500 has many other applications. 
Quality-control testing for distortion or performance of components 
requiring a variety of power supply frequencies is simplified, The 
50 watt power output is ample to supply test benches. 


Send for full information on this unusual ac power source! 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue * Cambridge 39, Mass. 
Pioneering in Quality Electronic Instruments 
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NEW 





INSTRUMENTS 


ROLL CHART PAPERS 

With new Perf-fold feature, roll 
chart papers can now be accordian- 
folded for filing, refererce, etc. Per- 
forations, too small to catch any pen, 
are stamped at 11%” intervals across 
width of each roll of J-B Chart Pa- 
pers in any width, single or multi- 
channel.—Judson-Bigelow Sales Div., 
Techni-Rite Electronics, Inc., Box 
3575,Providence 10, R. I. 
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POSITION LEVEL INDICATOR 


New Position Indicator provides 
continuous meter reading up to 10’ of 
mechanical! travel or fluid level. High 
and low contacts may be incorporated 
to operate remote warning lights or 
indicator.—Gems Co., Inc., Sheppard 
Lane, Farmington, Conn. 
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ALL 
WRAPPED 
UP IN 
CHART 
PROBLEMS? 


NO NEED TO BE «a » # Bristol has met all the problems be- 


fore ...and has the answers! 

If you need a special chart for that instrument you’re designing, The Bristol 
Company’s experienced staff of chart engineers stands ready to provide it for 
you... especially and expertly designed for your instrument ... printed in one 
of the largest and best chart printing facilities in the country. 

With almost 70 years of experience in the recording instrument business, 
Bristol really understands chart problems. What’s more, Bristol’s extensive facil- 
ities allow fast production of all types of charts—up to 32” wide in strip charts, 
12” diameter for round charts. It doesn’t matter how you intend to record—ink, 
hot stylus, electro-sensitive, light beam, or what have you—Bristol produces 
charts for all of them. 


Get the complete Bristol chart story in new bulletin Y1906—yours for the ask- | 


ing. Write: The Bristol Company, 154 Bristol Road, Waterbury 20, Conn. 0.11 


BB Ri STO L ...for improved production 
through measurement and control 
AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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20-Mc COUNTER-TIMER 


New all transistor Model 728A 
Counter-Timer is counter, time in- 


terval meter, and frequency/period 
meter; performs 7 functions selec- 
table by front panel switch. Measures 
de to 20 Mc, frequency; 0.1 usec to 
10° sec time interval; 0.lusec, period. 
Sensitivity is 0.25-v rms; input im- 
pedance, 25-k ohms/volt.—Computer- 
Measurements Co., 12970 Bradley 
Ave., Sylmar, Calif. 
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TAPE DEGAUSSER 


New Type TD-2903 automatic tape 
degausser erases reeled tape to nom- 


inal 90 db below saturation level. 
Automatic time cycling assures uni- 
form erasing. Power requirements: 
117-v ac, single phase, 60 cps, approx 
20 amp.—Consolidated Electrodynam- 
ics Corp., 360 Sierra Madre Villa, 
Pasadena, Calif. 
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HI-SPEED DIGITAL MODULES 


New S-Pac plug-in, high-speed 
Digital Modules, Series S, have 
NAND circuitry and operate in fre- 
quency range from de to 1 Mc. Fea- 
ture glass epoxy cards (4%” high x 
7” deep), etched circuits, anodozied 
aluminum frames with- package iden- 
tification and reliable -34-pin_- con- 
nectors.—Computer Control -Co.,-fuc., 
983 Concord St., Framingham, Mass. 
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RECORDING CAMERA 


New continuous strip oscilloscope 
recording camera records radar cath- 
ode-ray tube impulses. Develops film 
in camera in 1 minute, no tanks of 
processing solutions. Unit features 
70-mm Sonne strip camera, film 
lengths to 100’; fits std 5” oscillo- 
scope.—Chicago Aerial Industries, 
550 W. Northwest Highway, Barring- 
ton, Ill. 
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DIGITAL DATA SYSTEM 


New Model 1610 Digital Data Sys- 
tem acquires data at 5000 readings/ 
sec or higher, has accuracy of better 
than 0.1%, uses only solid-state ele- 
ments. One unit handles up to 100 
input data channels, monitors and 
records data from entire plant, re- 
placing chart and strip recorders.— 
Communications and Control Corp., 
14707 Keswick St., Van Nuys, Calif. 
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PISTON-TYPE ANGLE VALVES 


New piston-type Angle Valves em- 
ploy IMPERVITE impervious graph- 
ite for all inte 2als in contact with 
corrosives. AvailAble in 2, 3, 4, and 6” 
for temps. to 340°F, at pressures to 
150 psi—Falls Industries, Inc., Solon, 
Ohio. 
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Potented in the U.S.A., and in foreign countries 
U. S. Patents: Re. 21934, 7294869 


The tension in the stain- 
less steel hair spring 
maintains smooth, con- 
tinuous contact between 
the com facing and the 


The roller is stainless 
steel with o highly pol- 
ished helicoid surface. 


The roller pivot is ball 
shaped, and rides on 
@ graphited Bokelite 
disc. 


The hairline pointer ad- 
justment screw is stain- 


less steel. 


The cam sector is stain- 


The polished com 
facing is graphited 
Bakelite. i will not 
worp or distort. 


Standard bushings are 
rigidized Teflon. 


The connecting link 
and the screws ore 
hordened K Monel. 


The link adjusting screw 
is ot the rear to facili- 
tate calibreting the Hel. / 


icoid Gage. 


Exclusive Helicoid movement provides... 
Sustained Accuracy... on the toughest jobs 


@ Helicoid Gages have no gears, no teeth, reducing wear to an 
absolute minimum. No danger of fouling, either—rolling action 
of cam facing keeps contact surface clean. Helicoid Gages have 





been tested through 75,000,000 cycles, with virtually no wear or 
loss of accuracy, while conventional geared gages became useless 


after 500,000 cycles. 


Helicoid Gages give sustained accuracy even when subjected to 
violent pressure pulsations or mechanical vibrations. Pointer can 
be set externally, without removing glass, and cannot be jarred 
out of position. Dial faces are easy to read, won’t corrode or 
chip. A full range of Helicoid Gages is available for any applica- 
tion. Next time, specify Helicoid—the gage that stays accurate. 


+i, Bourdon Tubes 
won’t Stretch, 
Leak, or 
Crack 


Helicoid Bourdon tubes are 
made from seamless tubing, and 
are designed for maximum 
torque and minimum stress. 
At the factory, each tube is in- 
dividually tested, overpres- 
sured, and stress relieved. Four 
materials—alloy steel, K Monel, 
stainless steel, and phosphor 
bronze—are available to meet 
applications ranging from tap 
water to almost any acid. ~~ 


WRITE for details 





NEW! 
Solid-Front 
Safety Case 
Gives Added 
Protection 


The new Helicoid solid-front 
case diverts the force of a burst 
in a backward direction, away 
from the operator. The force 
escapes by deforming, though 
not detaching, the back cover 
plate. Helicoid Gages are also 
available in phenol, acaloy 
flanged, acaloy flangeless, pol- 
ished flangeless, round flush, 
polished flush ring, and square 
flush cases. 


Ask for Catalog DH-65 


HELICOID GAGES 


Helicoid Gage Division - American Chain & Cable Company, Inc. 


I 


co 





929-B Connecticut Ave., Bridgeport 2, Conn. = 
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To be shown for first time at ISA Show, January 17, 1961 


new, low-cost 
Radi Won 
The met 
THERM 


THER ee 

Odor * 

PAD HOM MOOK tp) 
Btcteoracs to 


Seon | 


Measures and controls 
temperature without contact 


¢ Engineered for plant use: production, testing, quality control 

* Lens focuses easily from 20” to infinity, “sees” isolated spot size 
lg” at 20 inches, 1 inch at 12 ft., etc. 

* Non-parallax sight exactly defines spot size and identifies work 
area to be measured 

¢ Broad temperature range: 210°F to 3300°F (higher range 


models optional ) 

® Pushbutton temperature calibration at control panel 

* Ambient temperature compensation; emissivity adjustment 
from 0.1 to 1.0 

® Sensitivity: 0.2% of temperature, e.g., 1°F at 500°F 

¢ Response time: 0.3 second to 95% of full scale 

* 0-10 mv. output for recorders, indicators, controllers (standard) ; 


internal relay control (optional) 


For more information, write for Bulletin R-103. 
See Thermodot at Booth 202, ISA Show, St. Louis, Jan. 17-19. 


LO” RADIATION ELECTRONICS Co. 
DIVISION OF COMPTOMETER CORPORATION 

6600 Jarvis Avenue « Chicago 48, Illinois * Telephone SPring 5-2400 

INFRARED COMPONENTS « INSTRUMENTS «© SYSTEMS 
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TAPE PUNCH 


New Model TP-1 Tape Punch pro- 
| duces Alpha-Numerical coded tapes 


for use as data input means for Carl- 
ton numerical control system. Stand- 
ard 8-channel code is employed. All 
decimal codes plus alphabetic address 
codes S, T, U, W, X, Y, Z, as well as 
end line (carriage return) and tape 
feed codes can be produced.—Carlton 
Controls Corp., 15 Sagamore Rd., 
Worcester 5, Mass. 
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SINGLE STAGE VACUUM PUMP 


New S14 pump, recommended as a 
backing pump for oil or mercury dif- 





fusion pumps or for _ economical 
roughing pump in complete vacuum 
system, uses internal vane principle 
with gas ballast. Pump is oil sealed 
and rated at 140 liters/min pumping 
capacity at atmospheric pressure; 
will pump down to guaranteed pres- 
sure of 10 microns of mercury. Book- 
let 322.—Central Scientific Co., 1700 
Irving Park Rd., Chicago, Ill. 
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PRESSURE TRANSDUCERS 


Two new pressure transducers fea- 
ture precycled, prestabilized, stand- 


ardized operation with ranges from 
200 to 2000 psi, 0.1% repeatability; 
operate during shocks in excess of 
100g for 11 msec in any direction. 
Model 538B has flus&-mounting dia- 
phragm; Model 539B a threaded fit- 
ting for 4%” flared tubing.—Electro- 
Mechanical Research, Inc., Sarasota, 
Fla. 


CIRCLE 271 ON READER-SERVICE CARD 





- COMPUTING SYSTEM 


x 


New G-20 Computing System fea- 
tures 40% increase in computing 
speed and 100% increase in magnetic 
tape speeds, solid-state electronics. 
Full-word clock cycle reduced to 6 
usec; average rate for single word, 
fixed point additions is now 83,000 
per second. Reading and writing op- 
erations performed at 240,000 digits 
or 120,000 alphanumeric characters 
per second.—Bendix Computer Div. 
of Bendix Corp., Los Angeles 465, 
Calif. 
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RECORDER CONTROLLER 


erence 


New Series 500 single-case, time- 
program recorder-controller reduces 
panel-space requirements 50%. Re- 
corder chart and program cam are 
independently driven, allowing pro- 
gram repetitions to be recorded on 
one chart. Either pneumatic or elec- 
tronic control available—-Bristol Co., 
Waterbury 20, Conn. 
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CERAMIC 


New Type AD-995 99.5% alumi- 
num oxide ceramic was developed for 
radome applications. Characteristics: 
loss tangent at room temperature of 
5.9 x 10° at 9200 Mc, flexural 
strength of 28,900 psi at 2000°F, ex- 
treme resistance to abrasion and cor- 
rosion.—Coors Porcelain Co., 600 
Ninth St., Golden, Colo. 
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EACH phase 
in their manufacture 
requires precise 


Temperature Control 


by WEST 


STEPLESS Controllers (Mode! JSB) 
infinitely modulate electric heat. 

No on-off pulses. Prolongs heater-life, 
saves power. Exclusive manual 
switch, adjustable maximum and 
minimum input control. Tubeless. 
Compact. Least maintenance and 


operating attention required. 


PROGRAMMER (Model JSBG Stepless) 
for the most precise control of temperature- 
time cycle, integrated by simply cut 
cam. Most compact. Can also control 
secondary operation at any point in the 
time cycle. Program Controllers are also 
available with other control forms:— 
(Off-On, Proportioning, etc.) Ask your 
West representative or write direct for 


Bulletins JSB and JG. 


W E S LY |nabvument. 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 


4355 W. MONTROSE, CHICAGO 41, ILL. 


British Subsidiary:, 
WEST INSTRUMENT LTD., 
52 Regent St., Brighton 1, Sussex 


Represented in Canada by Davis Automatic Contro 


the trend is to WEST 
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TEMPERATURE CONTROLS 


VOW TTS OFF THE GROUND! 


NEXT QUESTION... 


HOW DOES UP PERFORM? 


The RADAR QUANTIZER Provides Answers 








Ld 


Three new models of automatic 
programming, recording temperature 
controls include Model RCP potenti- 
ometer-type proportioning instru- 


the Army Ordnance Corps can i fate ment; Model RCSS 2-point control; 
| track the Pershing missile in flight with a ae Model RCL adjustable-differential 
position plot resolution of 2% feet — a ck recorder-controller especially designed 
2 z : é os for extra long switch life—Partlow 
resolution heretofore impossible. The Corp., 540 Campion Rd., New Hart- 
Quantizer, developed under contract of the foes | —s ford, N. ¥. 
Army’s Diamond Ordnance Fuze Laboratories, CIRCLE 275 ON READER-SERVICE CARD 
is a millimicrosecond time interval meter. i VALVES 
It converts the radar electrical signals 
| into digital code format and feeds a storage 
tape, as fast as the dynamic data occurs. 
As a result, engineers can follow the a 





Six new valves for control, regu- 
lating and relief in industrial hy- 
draulic systems are available for op- 


arent akdlan 5 “ erating pressures up to 3000 psi. Ap- 
"| “inillimicroseconds! * ' plications include boiler testing.— 
A io) : Besler Corp., 4053 Harlan St., Emery- 
iv If you have data process 3 — " ville, Oakland 8, Calif. 
"where it is desirable to gitses CIRCLE 276 ON READER-SERVICE CARD 
to ten millimicroseconds or less; — . 
GUT ced Tie renult out In digital fords - FREQUENCY DEVIATION METER 
while the data ‘occurs, contact Comp , 
Equipment Corp. for full details on how th 
QUANTIZER can be applied to your s 








New Series PI-111 i Rate In- 
tegrator for monitoring power line 
frequencies, turbine flow sensors, 
tachometers, rotating machinery, etc. 
features input sensitivity as low as 


11612 W. OLYMPIC BLVD., LOS ANGELES 64, CALIF, Sof = ix dicate 57 to 68 cps and 880 to 420 
GRANITE 8-0464 TWX WLA 6650 > : cps, with center frequencies from 50 
A cps to 50 ke.—Anadex Instruments, 
Inc., 14734 Arminta St., Van Nuys, 
Calif. 
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Computer Equipment Corp. ,; Be 10 mv rms. Models available to in- 


CIRCLE 109 ON READER-SERVICE CARD 
Page 142—Jnstruments & Control Systems—Vol. 34 





MATERIALS TESTING SYSTEM 


“« 

New testing system consists of 
Model LF6566 loading machine, Mod- 
el FGE5035 control center, and as- 
sociated equipment (Model RH6568 
resistance heating cart, Model HPS- 
6571 hydraulic power supply, etc.). 
System is capable of imposing both 
temperature and load (or strain) of 
programs on test specimens, and si- 
multaneously recording all 3 variables 
as functions of time as well as plot- 
ting load-strain curve.—Research, 
Inc., Box 6164, Edina Sta., Minneapo- 
lis 24, Minn. 
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TIME DELAY RELAY 


New Model 591 plug-in, electronic 
time delay (intervals 0.003 to 300 sec) 
with instant recycle is available in 
single-and double-pole double-throw 
models. Uses cold-cathode tube. Time 
delays can be fixed or adjustable.— 
G, C. Wilson & Co., Box 5525, Hunt- 
ington, W. Va. 
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5,000-PS] CONTROL 


sil 


New “D” series pressure controls 
(operating range 500 to 5000 psi) are 
available in 3 models: Type DXA-21 
minimum operating differential 450 
psi; Type DXA-521 minimum differ- 
ential 200 psi; Type DXS minimum 
differential 150 psi. External adjust- 
ment, visible dial, sealed mercury con- 
tact with visible on/off circuit posi- 
tion. Bulletin 0-21.—Mercoid Corp., 
4201 Belmont Ave., Chicago 41, Til. 
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APT ~ METER - 10 we 


5 
4 Neg! See) a) 


-10MC SOLID-STATE 
COUNTER-TIMER 
TSI* Model 365 APTI2METER 


FOR THE LEAST 


—only $2,650. 


bench or rack! 


Highest sensitivity. Three 
identical amplifiers — Unique 
TSI level-sampling design! 

e 


Greatest Flexibility Every 
counter-timer-frequency func- 
tion — including program- 
mable function, time-base, and 
attentuation. 


e 
Most Compact. Smallest, light- 


est LOMC package available — 
coolest-running, too! 


Extreme Reliability. Com- 
pletely solid-state design 
employs “sophisticated simpli- 
city” to reduce semiconductor 
count, provide wider margins! 


Ideal Readout. Seven in-line 

NIXIES, no interpretation, no 

ambiguity — easy on the eyes! 
e 

Completely Compatible with 

all standard frequency 

extenders! 





WRITE TODAY FOR COMPLETE SPECIFICATIONS 


*Manufacturers of the Ultra-reliable, ultra-popu- 
lar, solid-state Model 361 Apti-Meter .. . at 
$1645., the most for the least at 1MC! 


TRANSISTOR 
SPECIALTIES 


N CORPORATE D 
Sophisticated Digital Instrumentation 
TERMINAL DRIVE, PLAINVIEW, NEW YORK «+ WELLS 5-8700 
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M176 
Digital 
Indicator 


& 


Printer 


M243 
Digital 
Indicator 


& 


Recorder 


SYSTEMS 


¢ Multi-Channel 


Strain Gage Plotters 
« Weighing Systems 
e Thrust Measuring Systems 
¢ Digital Indicators 
e Data Loggers 
Calibration Equipment 


20 Channel 

Per Second 

Strain Gage 
Plotter 


FOR e> & F 
LOAD CELLS 


e Tank, Hopper and Batch 
Weighing 


@ Thrust Measurement 

@ Load Cell Calibrators 

®@ Rocket Engine Weight and C.G. 
STRAIN GAGES 

@ Multi-Graphic Plotters 


© Data Loggers 


THERMOCOUPLES 


e Data Loggers 


M170 
Load Cell 


Calibrator 


e Segmental Recorders 


PRESSURE TRANSDUCERS 


e Readout and Control Systems 
e Calibrators 


For specific information on any type 
of Gilmore System, write Dept. S 





Instrumentation Systems for Industry and Science 


INDUSTRIES, INC. 








13015 Weodland Ave. + Cleveland 20, Ohie + RAndolph 1-6400 
= East Coast Sales & Service Office: Box 531 @ Media, Pa. ¢ LOwell 6-7228 
West Coast Sales & Service Office: 2550 East Foothill e Pasadena, Calif. e MUrray 1-8349 
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GAS CHROMATOGRAPHY 
TUBING 


is Pd 
New tubing for all types of gas 
chromatography columns—capillary, 
miniature and packed—has following 
advantages: non-magnetic character- 
istics, excellent corrosion resistance 
and heat transfer properties, high 
strength and durability, and ease in 
bending and fabricating. Bulletin 110, 
“Tubing for Gas Chromatography,” 
available—Superior Tube Co., 1564 
Germantown Ave., Norristown, Pa. 
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WELL-MOUNTED THERMOSTAT 


New Model SX339 Tempswitch is 
mounted in specia) stainjess stee) well 
for liquid immersion; switch can be 
removed from well without disturb- 
ing fluid. Top temp is 700°F. Switch 
extends about 2.5” below the hex., is 
hermetically sealed. Has tamper-proof 
feature for adjusting screw.—Scaico 
Controls, Inc., 210 Taylor St., River- 
side, N. J. 
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LOW-SPEED TACHOMETER 


- 


New tachometer indicates speeds of 
10 rpm and lower without annoying 
pulsations and with accuracy of better 
than 2% of full scale. System is self- 
powered with low-torque de generator 
having virtually unlimited brush life. 
Catalog available-—Servo-Tek Prod- 
ucts Co., 1086 Goffle Rd., Hawthorne, 


N. 


CIRCLE 283 ON READER-SERVICE CARD 





NEW 
INSTRUMENTS 


RECORDING TACHOMETER 





New Model 024 Transi-Tach tran- 
sistorized tachometer has _ built-in 
strip chart recorder with range of 
scales. Records speed, flow, or fre- 
quency within 2% of full scale— 
Kahn & Co., Inc., Box 516, Hartford 
1, Conn, 
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HIGH VACUUM VALVE 


New 300 series stainless valve for 
high vacuum, all-metal systems where 
organic material cannot be tolerated 
provides vacuum seal with minimum 
pressure, manual operation. Operates 
in a pressure range from atmosphere 
to below 10°" mm hge.—Kane Engi- 
neering Labs., 460 Cambridge St., 
Palo Alto, Calif. 
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STRAIN GAGE AND READOUT 


4 


New Model SG2 resistance strain 
gage (range +0.003 in/in; gage 
length 1.25”.) is designed for repeti- 
tive measurement of strain or unit 
elongation. Model BCR1-0 bridge con- 
trol readout operates on 110-v ac or 
battery.— Statham Instruments Inc., 
12401 W. Olympic Blvd., Los Angeles 
64, Calif. 
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“tion, n 


| Gnstrations eveileble: 


Measures 
Precise 


AC-0C 
Voltage & 
Current 


A Self-Contained Laboratory Standard Facility 

The Mode) 1605 AC-DC Calibration/Transfer Standard is a 
multi-function instrument capable of measuring AC and DC voltage 
and current up to 1500 volts and 15 amperes. It includes a precision 
four-digit readout potentiometer, laboratory standard cell, precision 
voltage multipliers, precision shunts hermetically sealed in oil, light 
beam galvanometer, AC monitoring meter, thermal converter and 
all necessary batteries and controls. DC measurements utilize the 
potentiometer or the potentiometer in conjunction with the saakd 


multipliers or shunts, For AC measurements the potentiometer an 


or multiplier-shunt arrangement is used with the compensated AC- 
DC transfer element. 





LIMIT OF ERROR 
DC: 0.05% with correction factors; 
0.1% direct reading. 
AC: 0.065% with correction factors; 
0.13% direct reading. 
(AC accuracies are to 50 kc 
on most ranges.) 


For Owners of the 
RFL Model 829 AC-DC 

Instrument Calibration Standard 
The Model 1605 may be used in con- 
junction with the Model 829 to calibrate 
instruments having greater accuracy re- 
quirements than that supplied by the 
Model 829 alone. The Model 1605 may also be used to cali- 
brate the Model 829. The 829/1605 combination provides 
a calibration system which will handle your requirements, 
for current and voltage measurements to an accuracy of 


better than 0.1%, from DC to 400 cps. 


Performance is rigidly guaranteed. 
Price is net, f.0.b. Boonton, N.J. 
and subject to change without notice. 


io Frequencl 
Radio Frequency 
U.S.A. 


ta, write of 


Boonton, New Jersey, 
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‘DISPLACEMENT TRANSDUCERS 


with BUILT-IN SOLID STATE circuitry 


To permit dynamic measurements with micro-inch resolution 


SPECIFICATIONS 
DC TO AC CONVERTER 











Excitation: to 24 VDC 








xe 
Range: +.050” to + 50” 


Scale Factor: to 100 V/in, DC 














Linearity: 0.5 % <3 Pee 
| ELEMENT 
Dynamic Response: exceeds 


1000 CPS 
Resolution: infinite 
Stability: 0.1 % F.S. 


DEMODUL ATOR 
Temperature: to +275°F CIRCUIT 








SEND FOR DATA | Sein 


G. L. COLLINS CORPORATION 


2820 EAST HULLETT STREET LONG BEACH S CALIFORNIA 
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MCT g FON. 


AC ELECTRONIC GENERATOR ° 


1 @) B) i Bin bo 6) 


$5500 


PRECISION 

AC POWER 
SUPPLY FOR 
LABORATORY & 
PRODUCTION USE 











SPECIFICATIONS 


Total Distortion Less than 1% 
Regulation Less than 1% 


Power Output ’ 
Fixed Frequency 400 CPS (other treg. avail.) 
Variable Frequency 50 C Operates with load of any power factor 
External Frequency 50-4000 CPS Small size 8%4” x 19” Panel 


Also Available — Model 250 — 250 VA Power Output 


Representatives in Principal Cities 


INDUSTRIAL TEST EQUIPMENT CO. 
55 EAST lith STREET « NEW YORK 3. N. Y. 
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MOJSTURE-DENSITY CONTROL 


: = 
, bas: a bie * 
2 aya RRR Ya TRS TEN . 


Four new Qualicon instrumentation 
systems are designed for continuous 
measurement and control of moisture 
and density of materials on conveyor 
belts, in pipes, etc. Model 502 meas- 
ures bulk density of solid materials 
either on a conveyor belt or in a bin 
or hopper; Model 507, % moisture of 
solid materials on a belt or in a stor- 
age facility; Model 504, specific grav- 
ity of solutions and slurries in pipes 
or tanks; Model 509, % moisture of 
liquids or slurries in a process loop 
or in a tank.—Nuclear-Chicago Corp., 
359 E. Howard Ave., at Nuclear Dr., 
Des Plaines, Iil. 
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PORTABLE VIBRATION 


New battery-operated Vibration 
Meter, Type PR-9252, with high-gain, 
transistorized circuitry, reads peak 
amplitudes of both absolute and re- 
lative vibration directly. Readings 
are in microns over its 65-cps-to- 
1200-cps frequency range. It has a 
measuring range from 0 to 1000 u 
value (0.039”) in 5 steps, and a sensi- 
tivity down to 0 to 10 uw full scale 
(0.00039”).—Korfund Co., Inc., Dept. 
35A5, Cantiague Rd., Westbury, N.Y. 
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FOR MORE INFORMATION 
ON PRODUCTS LISTED 
CIRCLE NUMBERS ON READER 
SERVICE CARD & MAIL 














Buy one unit... 


e+. do THREE jobs! 


1. Portable Testing 
2. Bench Comparator Testing 
3. Bench Dead Weight Testing 


Pump suitable for an 
pressure to 10,000 psi. 
Complete fittings to 
service all pressure 
instruments. 


rN 


TWIN SEAL Pressure Test 
Unit arranged for portable 
testing. Weight filled with 
oil approximately 11/2 Ibs. 


TWIN SEAL Pressure Test 
Unit arranged for bench 
work with test gage. Pre- 


s cision pressure adjustment. 
&, Mounted on short drip pan. 


TWIN SEAL Pressure Test 
Unit oa for dead 
weight testing. Eight 
models for dead weight 
testing. Pressure ranges 
2000, 3000, 5000 and 
10,000 psi Mounted on 


NEW fully illustrated catalog on TWIN SEAL 
Pressure Test Unit. 


Address Dept. Ki 


MANSFIELD & GREEN 


1051 Power Av 


CIRCLE 115 ON READER-SERVICE CARD 





CERAMIC-JACKETED RESISTOR 


New 
Single-Ended 
Tubeohm 
New style of ceramic jacketed wire- 
wound Tubeohm resistor has flexible, 
insulated leads issuing from just one 
end of resistor to provide complete in- 
sulation with no exposed terminals. 
New enclosed Model E miniature 
rheostat is now available in 23 popu- 
lar values. Bulletin 157.—Ohmite 
Mfg. Co., 3688 Howard St., Skokie, Ill. 
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AUTOMATIC SAMPLER 


New 2-speed proportioning pump 
and automatic sampler extend scope 
of laboratory applications for Tech- 
nicon AutoAnalyzer. This continuous 
flow system automates each step of 
chemical analysis now performed 
manually, including measuring, mix- 
ing, purifying, processing, comparing 
and recording. Reproducible results 
can be obtained down to parts per 
billion with precision of +1%.— 
Technicon Controls, Inc., Research 
Park, Chauncey, N. Y. 
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CONTROL VALVES 


New series fingertip control valves 
in brass and type 316 stainless steel 
are supplied with Swagelok connec- 
tions for %” OD tube sizes and male 
pipe connections. Available in straight 
and angle pattern; Series 1 valve has 
3000 psi pressure rating with 0.172” 
orifice dia—Whitey Research Tool 
Co., 5525 Marshall St., Oakland 8, 


Calif. 
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VARIAN 
Potentiometer 
RECORDERS 


Best all-purpose recorders 


because... 


MULTI-RANGE INPUTS MAKE THEM 


FLEXIBLE 


Nine full-scale voltage ranges 
from 10 mv to 100 vd. c. are 
switch-selected on the B-1 in- 
put chassis, adapting the Varian 
G-11A to almost any recording 
need. Other interchangeable 
chassis let you use the G-11A 
for temperature recording from 
—200°C to +1500°C or lmA 
current recording. The G-11A 
is portable—goes anywhere. 
And it’s compact — never in 
the way. 
1% accuracy; 1 second full-scale bal- 
ance; chart speeds from 4¢”/hour to 
”/minute; rack mounting available. 
A wide range of options and acces- 


sories. Complete details and specifi- 
cations from the Instrument Division. 


oe 
VARIAN 


PALO ALTO 27, CALIFORNIA 
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a unique optical shaft position 
encoder for servomechanisms, 
data reduction, navigation 
systems, programmed 

control systems 


* Miniature size (2.312 dia. by 156") with 
no sacrifice in resolution 


*¥ Instantaneous interrogation 
* Low torque — will not load shaft 


*¥ Reliable —- low power photocircuit and ab- 
sence of moving contact insure long life 
and high reliability 


* Economy ——moderate cost, extensive life, 
and lack of required maintenance reduce 
overall control system costs 


For details on standard OPTISYNS get Bul- 
letin #604, 


SPECIAL DESIGNS 


OPTISYN Gimbel Angle Readout Encoder — 
the first digital transducer specifically for iner- 
tial guidance or navigation platforms. Provides 
direct digital readout. Lightweight. Convenient 
shape and size will fit available space. For de- 
tails get Bulletin #606. 


OPTISYN Incremental Pickoff for readout of 
integrating accelerometers. High reliability and 
basic versatility make it ideal for this very ex- 
acting requirement. Available for size 35, 25 
and 16 accelerometers. For details get Bulletin 
#605. 


DYNAMICS 
RESEARCH 
CORPORATION 


38 Montvale Ave., Stoneham, Mass. 
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DIGITAL TAPE TRANSPORT 


New Model DT 10 low-speed digital 
tape transport will read, write or 
read after write from 0.1 to 15 ips in 
specifically selectable speeds or con- 
tinuously variable speeds, controlled 
manually or remotely for any type 
computer format. Tape speed settings 
are held to within + %% independent 
of line voltage and frequency.— 
Shepherd Industries, Inc., 103 Park 
Ave., Nutley 10, N. J. 
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THERMOMETER ENTRY PORT 


New ASCO 10/80 adjustable ther- 
mometer entry port is manufactured 
from Telflon and consists of high 
vacuum O-ring seal, both inside and 
outside, permitting use at pressures 
as low as 10° mm Hg, and tempera- 
tures as high as 500°F. Eliminates 
expensive ground joint thermometers. 
—Arthur F. Smith, Inc., 311 Alezx- 
ander St., Rochester 4, N. Y. 
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RESISTANCE THERMOMETERS 


Two new transducers APM-50 with 
50-ohms nominal resistance and APM- 
100 with 100 ohms nominal resistance 
permit surface temperature measure- 
ments over a usable range from abso- 
lute zero to 2000°F. AMP-100-1 can 
be impregnated to provide greater 
moisture resistance for use near room 
temperature—Arthur C. Ruge As- 
sociates, Inc., Hudson, N. H. 
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AMTHOR Dead Weight 
Pressure Gauge TESTER 


Designed for simplicity and compact- 
ness. Incorporates newest refinements 
and improvements in various ranges up 


to 10,000 P.S.I. Accuracy of 1/10 of 1%. 


ALSO BI-FLUID MODEL 
USING WATER AS 
PRESSURE MEDIA. 

ADAPTABLE FOR GASES. 


AMTHOR 
Testing Instrument Co., Inc. 
45 Van Sinderen Ave., Brooklyn, N. Y. 
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Surface temperatures 
within * 0.2° F! 


i 


A+ THERMOPHIL thermistor 
Resistance Thermometer 


every probe built to specifications with 
compensating network; fully interchangeable 
spring-mounted tip for constant surface 
pressure 

Se allows for heat loss up probe 
shan 

full reproducibility 

battery or AC powered 


$246.00 as illustrated 
Write for Bulletin 


Atkins Technical Inc, 
a 1276 W. Third St. 
Cleveland 13, Ohio 


te re and 
3) hemidity lestrmeontotion 
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New 
INDICATING INTEGRATOR 


High sensing rate handles 
short-run batches, 
fast-changing flows 


Newest addition to rotameter instru- 
mentation ... Brooks’ MPT-S3 Indi- 
cating Integrator. Capable of a high 
sensing rate—20 to 60 counts/min. 
—the MPT-53 is ideally suited to 
operations involving short-run 
batches or rapidly fluctuating flows. 
It can be used “as is,” or with sup- 
plementary remote, predetermining, 
or tape- or card-printing counters, 
for virtually any automatic batching 
or accounting function based on 
flow. 

Operating through a unique mag- 
netic position converter, the unit 
gives an accurate readout in precise 
linear relationship to the actual, 
calibrated flow rate of the asso- 
ciated rotameter. It imposes no 
backloading and, therefore, does 
not affect the accuracy of the 
rotameter. 

The entire instrument is enclosed 
in a rugged housing suitable for 
outdoor installation. It is unaffected 
by vibration, dirty or corrosive at- 
mospheres, or extremes of ambient 
temperature. 

Bulletin 170 gives full details. 





Send for a copy. 
5001 W. VINE STREET 


BROOK 
| seecnn 











INSTRUMENT COMPANY, INC. 
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VERIFIER AND DUPLICATOR 


New Model 1429 low cost tape veri- 
fier and duplicator used in conjunc- 
tion with Tally punched tape readers 
and perforators automatically dupli- 
cates and verifies, or verifies and 
duplicates error free tapes in 1 op- 
eration. Failure to verify automatic- 
ally stops the duplication function 
without punching an error character. 
Characters in disagreement displayed 
for possible correction—Tally Regis- 
ter Corp., 1310 Mercer St., Seattle 9, 
Wash. 
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TRACE OXYGEN ANALYZER 


New electrolytic cell measures 
traces of oxygen as low as 0.3 ppm 
in other gases such as nitrogen and 
argon. When oxygen is present in 
trace quantities, a voltage will be 
generated which is proportional to 
the oxygen over the electrolyte. If no 
oxygen is present, no voltage is pro- 
duced. Cell assembly is housed in a 
thermostatically controlled heat 
chamber.—Thermco Instrument Corp., 
LaPorte, Ind. 
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INTERNALLY-LIGHTED SWITCH 
f 


New and simplified method of pro- 
viding Internal Lighting is now avail- 
able for the Series 7300 Digiswitch 
switching element for converting 
visual decimal settings to computer- 
code electrical outputs.—Digitran Co., 
660 So. Arroyo Parkway, Pasadena, 
Calif. 
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to All Users of 


GAGES and 
CONTROLS 


72-Page 
INSTRUMENT 
- MANUAL 


Contains: 
Illustrations and complete details 
of Dwyer 
magnehelic gages 
manometers 
air meters 
air filter gages 
pitot tubes 
pressure actuated switches 
flowmeters 
combustion testing instruments 
Diagrams 
Conversion curves 
Combustion efficiency charts 


and other valuable technical data. 


Send coupon 
for your FREE copy 


F. W. DWYER MFG. CO. 


P.O. Box 373-S 
MICHIGAN CITY, IND. 


Please send me Dwyer 72-page catalog. 


Name. 





Address 








poe eee 
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The first 


BRIGHTNESS PYROMETER 


which is fully 


AUTOMATIC -- CONTINUOUS 


PYRO-650* 





for temperature measurement, 
recording and control in the ranges from 
1100°F to 7200°F and 600°C to 4000°C. 


Brightness pyrometers are widely used for non-contacting, high 
temperature measurements. However, because existing devices 
are manually operated, their use has been limited to intermittent 
temperature measurements of short duration. 

Now, PYRO-650 provides the accuracy and repeatability of a 
Brightness Pyrometer in a fully automatic instrument which is 
ruggedly designed for continuous temperature measurement, 
recording and control in plant environments as well as labora- 
tory applications. 

IDL also manufactures PYRO-EYE*, a two-color optical pyrometer 
which offers special advantages for some types of application. 


*Trade Mark of Instrument Development Laboratories, Inc. 


For complete information write for brochure. 





INSTRUMENT DEVELOPMENT LABORATORIES, 
Subsidiary of ROYAL McBEE 


67 MECHANIC STREET, ATTLEBORO, MASS., U.S. A, 
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TRANSDUCER EQUALIZER 


oven ., 


SRM GE 


“Tranqualizer,” new transducer 
equalizer, is an analog computer. It 
inserts into data a complex trans- 
ducer function. It virtually eliminates 
undesirable ringing resulting from 
excitation of transducer at or near 
natural resonant frequency, and ex- 
tends system’s frequency response by 
several octaves, allowing more ac- 
curate presentation of stimulus func- 
tion—Data Instruments Div., Tele- 
computing Corp., 12838 Saticoy St., 
N. Hollywood, Calif. 
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PAPER WEIGHT 


New electronic basis weight paper 
gage is used on paper mill production 
lines for instantaneous detection of 
weight variations and moisture errors 
permitting corrective adjustments im- 
mediately.—PolyTech Research Inc., 
25 N. Texas St., Orlando Fla. 
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SEALED COUNTER 


New CE-41 hermetically sealed, 
non-reset electric counter insures max- 
imum protection against dust, humid- 
ity, etc. Available with 4 or 5 digits; 
regularly operated at speeds up to 
600 cpm.—PIC Automation Controls 
Div., General Controls Co., 8062B Mc- 
Cormick Blud., Skokie, Ill. 
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ADJUSTABLE THERMOMETER 


New liquid-in-glass industrial Ad- 
just-All thermometer combines 3 fea- 
tures which permit complete 360° 
change of angle on the case and stem, 
plus variations of stem length. All 
adjustments can be made in field.— 
Weksler Instruments Corp., Freeport, 
Nok 
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TEMPERATURE CONTROL 


New compact, remote-bulb, high- 
temperature indicating temperature 
control, type E36N, is suited for 
ovens, test equipment, plant processes, 
laboratories, etc. Combines accuracy 
and sensitivity over wide ranges 
(100° to 1000°F).—United Electric 
Controls Co., 85 School St., Water- 
town 72, Mass. 
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OSCILLOSCOPES 


New oscilloscope, Type 516 (illus- 
trated) is dual-trace in the dce-to-15 
de range; basic sensitivity of 50 
mv/em for each channel with 4 op- 
erating modes possible; sweep range 
adjustable from 0.04 usec/div to 
over 6 sec/div. New Type 560 oscil- 
loscope is basically an indicator. It 
contains 5” crt with 3.5 kv accelerat- 
ing potential, 8 x 10 cm viewing area, 
amplitude and sweep-time calibrator, 
and regulated de supply providing 30 
watts of power. The indicator accepts 
any 2 of 4 presently available plug-in 
units which drive the crt deflection 
plates directly.—Tektronix, Inc., Box 
500, Beaverton, Ore. 














SURPRISING? 


Exceptional performance characteristics of Servonic's 

new H-160 high pressure transducer are particularly 

surprising considering the small size of this poten- 

tiometer type instrument. Its 1 by 1% inch dimensions 

combine with rugged design and high resolution to 

make it iaeal for military requirements where severe 
environments are a problem. 

Utilizing Servonic's helical bourdon assembly, the 

H-160 is oil damped to furnish high accuracy and long 

life, even under vibrations exceeding 35 g. Superior 

linearity over the temperature range —65° to 275° F 

is provided in standard construction. Individual per- 

formance characteristics have been 

controlled to provide accuracies of 

+1.0% error band in most ranges. The 

unit can be readily adapted to accom: 

modate a wide range of exotic fluids, 

For complete specs on the H-160 and its com- 


panion, low cost industrial unit, write for Bulletin §-605. 


SERVONIC INSTRUMENTS, INC. 


1644 WHITTIER AVENUE, COSTA MESA, CALIFORNIA 
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POST 





MEASURING 
SYSTEMS 


- a 

Connected to any Post Decitron 

electronic counter, the new lineal 

footage device permits accurate 

length measurement for contin- 
uous production items. 

Each time the wheel revolves, 

a photolight beam is broken and 


“beam-hole”, or wheel size will 
permit the counting of fractional 
parts of a lineal foot if desired. 
Different types of wheels provide 
traction surfaces for wire, rope, 
aluminum sheets, bar or flat 
steel, paper, cloth. 

Used in conjunction with a 
Post Decitron “Preset” counter, 
(i.e. PW-2) a predetermined 
length of stock can be measured, 
and ‘‘marked”’ or cut-off as 
desired. 

Ideal for labels and paper 


| PHASE SEQUENCE INDICATOR 


making where footage is most 


a count equal to one foot is reg- 
accurate measure of production. 


istered by the counter. Varied 


POST ELECTRONIC PRODUCTS 


Division of Reid Brothers Company, Inc. 
12 LOTHROP ST. / BEVERLY, MASS 
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TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 
SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 
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Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for draft, 
pressure or differential pressure. 

















470 GETTY AVE., 
PATERSON, WN. J. 


‘ 








Outstanding 
FEATURES 
¢ Eliminates batteries 
...errors due to bat- 
tery exhaustion 
e Reliable construc- 
tion... from quality 
components, long, 
trouble-free service 
© A Precise voltage 
regulator... max. 
+.04% for +20% 
Mfg. By voltage variation 
© Quickly Installed... 
Fits present instru- 


/wsrrufas, INC. 
ment battery space. 


[wsrrRufaa's 


Temperature Compensated 


Replaces Batteries and All 

Standardizing Components 

Including Standard Cell In 
POTENTIOMETERS 

@ CONTROLLERS @ INDICATORS 








@ RECORDERS 





1205 Lamar Street 
Dayton 4, Ohio s e No Tubes to replace 
Phone BA 3-2241 
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New Models 40A and 44A portable 
phase sequence indicators for 3-phase 
power systems weigh 11 oz. each and 
are 2-%”" x 1-5” x 4”. Model 40A 
for 60-cycle power circuits has switch 
adjustment to 120, 240, and 480 v; 
Model 44A is for 400-cycle circuits.— 
Associated Research, Inc., 3777 W. 
Belmont Ave., Chicago 18, Il. 
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New thermo analyzer, basically a 
passive analog computer, enables de- 
signing of cooling effect detectors in 
fraction of time previously required. 
Designs predict design parameters in 
advance to fit slope and shape of cus- 
tomer’s characteristic air flow curve 
without necessity of extensive and ex- 
pensive engineering time. Monitors 
total cooling effect of air flow.— 
Bulletin 687-17—Vapor Heating 
Corp., 6420 W. Howard St., Chicago 
48, Jil. 


CIRCLE 305 ON READER-SERVICE CARD 


PNEUMATIC TRANSMITTER 


New 210T and 211T high-accuracy, 
low-cost pneumatic Transcope trans- 
mitters with optional servo power 
provide an input-to-output accuracy 
of %% in the measurement of gage 
pressure, volumetric pressure, tem- 
perature, and volumetric load.— 
Taylor Instrument Cos., Rochester 1, 
NN. 3. 
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NULL-READOUT OSCILLOSCOPE 


New Type 1100/700 Oscilloscope 
using null-balance technique is of 


special modular design. Type 1100 
Main Frame is basic, self-operable 
cathode-ray tube indicator; Type 700 
is Dual-Channel Plug-in. Features 64 
contacts for transfer of signals and 
voltages between frame and plug-in. 
—Analab Instrument Corp. 30 Can- 
field Rd., Cedar Grove, N. J. 


CIRCLE 307 ON READER-SERVICE CARD 


COUNTER 


New predetermining laboratory and 
industrial counters (5000 cps) use 








cold-cathode counting tubes with tran- 
sistorized drive circuits. When pre- 
set number is reached, relay is actu- 
ated, and counter automatically resets 
to zero.—Ardwin Microlab Inc., 21 
Spencer St., Stoneham 80, Mass. 
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LINEAR TRANSDUCER 


New linear transducer, available 
separately, is preferably combined 


with panel meter or meter-relay to 
form a measuring or controlling sys- 
tem. Sensitivity of transducer sys- 
tem, indicated on meter, is + 0.005” 
full scale. Max readout speed, about 
one/sec. With constant voltage trans- 
former, full scale meter accuracy is 
+ 0.0002” and reproducibility is +0.- 
0001”.—Assembly Products, Inc., 
Chesterland, Ohio. 
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Thermocouple Assemblies 
For Every Industrial Use 


Thermo Electric’s base metal thermo- 
couple assemblies give consistently re- 
liable temperature readings for ranges 
between —300°F. and +2200°F. We 
specialize in solving problems caused 
by chemical attack, pressure and in- 
stallation difficulties . . . and offer the 
most complete variety of standard 
thermocouple assemblies in the in- 
dustry. See our new 16 page catalog 
for the many types available. 


Thermocouples 

Single and multiple junction thermo- 
couples are made of all standard 
thermocouple materials and gage sizes. 
Ceramic insulated, metal sheathed 
“Ceramo-Couples” are used most ef- 
fectively for extended life at high 
temperatures or for sub-zero condi- 
tions where condensation is a prob- 
lem. These temperature sensing 
elements have excellent resistance to 
moisture, petroleum products, chemi- 
cal action and abrasion, and are often 
used without additional protection 
tubes. The wires used in all these 
thermocouples are drawn, annealed, 
insulated and calibrated in our own 
wire mill under Thermo Electric’s 
high standards for mechanical and 
thermoelectric qualities. 


Thermowelis 

The selection of over 5700 standard 
Thermowells includes bar stock or 
built-up construction, test wells and 
extra sensitive wells; and a variety of 
mounting fittings and flanges. Many 
construction materials available—all 
wells are pressure tested. 


Connection Heads 
Choose from six different types, in- 
cluding heavy duty cast iron heads, 
lightweight aluminum heads, and 
quick-opening heads, All weather 
proof—many sizes. 


Write For New CatalogE-12 
Our Thermocouple Catalog has com- 
plete information, simplified ordering 
instructions for all assemblies and 
components, and a Thermowell Mate- 
rial Guide for hundreds of industrial 
applications. 





» 


f- 
Thermo 
Electric C0, ING, 


Z SADDLE BROOK, NEW JERSEY 





ez 





a 





In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
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t 


MOELLER 


ADJUSTABLE 
ANGLE 


INDUSTRIAL 
THERMOMETER 


ess 


SAVES TIME 
CUTS COSTS 
ADJUSTS TO 


ANY ANGLE 


for 


ANY INSTALLATION 
“Right-On-The-Job“ 


: 
| 
| 
| 
} 
| 





© Positive Locking 
© No special tools 
¢ Completely protected Capillary 
© 7”, 9”, 12” Scales 
Standard Ranges from 
—40° to +750°F. 
e Send for Catalog No. 400 





M 0 : [ [ f R INSTRUMENT COMPANY 
SINCE 1867 


132nd ST. and 89th AVE. + RICHMOND HILL 18. N. Y 


for 
ifive 
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ANALOG/DIGITAL CONVERTER 


ay Vis? age New analog-digital 
conversion system 
links IBM 704 digital 
computer with Reeves 
REAC analog com- 
puter. System com- 
prises 5 Voldicon 
VR11 converters, 1 
control unit, and 1 
fixed-data unit. Each 
converter contains 11- 
bit binary digital-to- 
analog and analog-to- 
digital channel, with 
sign.—Adage Ine., 
292 Main St., Cam- 
bridge 42, Mass. 
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PRESSURE BALANCE 


Five new models of pressure bal- 
ances allow calibration of pressure 


gages and transducers rapid enough 
for production line calibration proj- 
ects. Upper limits at 10,000, 15,000, 
20,000, 50,000, and 100,000 psi, ac- 
curacies to 1/20 of 1%. Bulletin 4073. 
—American Instrument Co., Inc., 
8030 Georgia Ave., Silver Spring, Md. 
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DEWPOINT MEASUREMENT 


New A* Shaw relative humidity 
and dewpoint instruments measure 
dewpoints as low as —150°C in sec- 
onds, sensitive to 1 part in 10 million. 
Bulletin GOVM.—Atkins Technical 
Inc., 1276 W. Third St., Cleveland 18, 
Ohio. 
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HOW TO 
RECORD 
RADAR 
ON 
MAGNETIC 
TAPE 


For needed frequency re- 
sponse, use Ampex’s new 
4-megacycle tape recorders. 
Magnetic tape arrests radar 
giving you a second look or 
second try in reconnaissance, 
tracking, simulation, eval- 
uation or training. 


Want to know more? Write 
Ampex at the address below. 

















AMPEX DATA PRODUCTS COMPANY 
Box 5000 Redwood City, California 
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OSCE. SOROre AND WRITER 


seep e e 


New waste aneilicowmnia, Mod- 
el 769, simultaneously displays up to 
8 waveforms on vertically-mounted 
17” CR tube. It is particularly useful 
where multi-channel oscillographic 
recording systems are in use and a 
means of accurate event monitoring 
is also desired. Number of traces dis- 
played on ’scope screen depends on 
number of Model 779-100 gating am- 
plifiers used—one is required for 
each Y-axis input.—Sanborn Co., In- 
dustrial Div., 1715 Wyman St., Wal- 
tham 54, Mass. 
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PRINTER TUBES 


il 


a 


Four new electrostatic printer 
tubes can print 20,000 characters per 
sec, or more than 10,000 lines of com- 
puter output information a minute. 
Applications include high speed print- 
ing photographs transmitted over 
telephone and telegraph lines and 
radio channels at a rate up to three 
81%” x 11” sheets. per sec._—Industrial 
Components Div., Raytheon Co., 55 
Chapel St., Newton, Mass. 
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AIR FILTER 


New Pure-Flo filter design offers 
low pressure drop, 5-micron filtration, 
high air flow, and full sump capacity. 
Available for pressures up to 250 psi 
and temps of 250°F. Circulars 1023, 
1026.—Wilkerson Corp., 1605 W. 
Girard Ave., Englewood, Colo. 

CIRCLE 315 ON READER-SERVICE CARD 





When the 
UNPREDICTABLE 


happens 


eee the kind that creeps 
into the performance of 
newly completed systems. 
(Excess vibration here — 
slight time delay or damp- 
ing needed there. Or 
perhaps stability doesn’t 
match the data projected 
on paper.) To counter 
these variations, many 

of our customers have 
found the AIRPOT® 

an inexpensive 

problem solver. 

AIRPOT is an air- 
damping dashpot; pre- 
cisely constructed to | 
operate within close 
tolerances. Its small 

size will rarely 

disturb a system’s 

basic design. 





To learn more about the AIRPOT, contact us at: 


ELECTRIC REGULATOR 
CORPORATION 


NORWALK, CONNECTICUT 


“leaders in automatic control and regulotion” 
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ALL Dicits 
CAN BE i 
READ FROM | 





Scientia ae 
ONE-PLANE PRESENTATION —__ 
Series 10000 





Over 1000 
firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


COMPLETE 


18" 


— J y caress 


Binary-To Decimal WRITE TODAY FOR 
Decoders Available. comp.ete sPeciFICATIONS 
Representatives in principal cities 


Ej E 
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Precision 


Apparatus 


DUTY2&3 Engravin 
DIMENSIONAL Nomepletes 
ENGRAVER Fine Routing Work 
Profiling Small 
jects 
Small Dies 
and Molds 


UHF COAXIAL 
WAVEMETERS 


2-75 
Centimeter 
Range 


ae 
Send for Illustrated Catalogs 


MICO INSTRUMENT CO. 


86-N Trowbridge St., Cambridge 38, Mass. 
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EE! 





PUG 
MASTER 
CATALOG 
2) 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS + SHAFESA.COLLARS* CLUTCHES « 
BEARINGS * COUPLINGS ~€iFFERENTIALS 
SPEED REDUCERS and many other Pre- 
cision Engineered Parts 

& Components, 

Send For Your 

Copy Today. 


PRC DESIGN CORP. 


Subsidiary ot BENRUS WATCH COMPANY, Inc. 


477 BYilanticAve.-fast Rockaway, | 
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MULTIRANGE METER 


New Goerz Unigor 3, a Multirange 
Instrument (made in Germany), fea- 
tures. high internal resistances, a-c 
and d-c current ranges and capacity 
measurement. Typical specs are 25,- 
000 ohms/vde and 2,000 ohms/vac, 
maintaining accuracies of 1.0% on 
de and 1.5% on ac.—Physics Research 
Labs., Hempstead, N. Y. 
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MICROMETER VALVE 


New NUPRO micrometer handles 
which fit all NUPRO fine metering 
valves are set at zero with valve 
closed. As valve is opened, axial posi- 
tion of stem can be read to 1/1000”. 
—Nuclear Products Co., 15635 Sar- 
anac Rd., Cleveland 10, Ohio. 
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ELECTROSTATIC VOLTMETER 


“ 


New Model 1170 ETVM electro- 
static transistorized voltmeter has 
range capability from 0 to 50,000 v. 
Considered a “zero current” device 
because voltage-operated, it uses no 
electrometer tubes or high meg. re- 
sistors—B. K. Sweeney Mfg. Co., 
6300 E. 44th Ave., Denver 16, Colo. 
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FOR MORE PRODUCT DATA 
CIRCLE NUMBER ON 
READER SERVICE CARD 
IN BACK OF BOOK 
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1Vest 
yowue 


LQ 


How complete is your knowledge of 
digital system building blocks? Test 
yourself with these five questions: 


dla 
i A. 


[ Bio 


Who manufactures the highest 
speed digital system building 
blocks available today? 





Which manufacturer utilizes a 
standard zslamp voltage to ab- 
solutely insure the exact same 
voltage levels in all circuits? 





. Whose logic circuits have been 





lus a 





evaluated time after time by 
independent organizations and 
consistently proven superior 
electrically to all other build- 
ing blocks in use today? 





. Which manufacturer's package 


designs have been similarly 
evaluated and consistently 
proven superior to all other 
designs — in ruggedness, com- 
pactness, appearance and 
overall ease of handling? 





If your answer to every question was 
Harvey-Wells Electronics, your building 
block 1Q is perfect . . . If not, write 
today for our new technical brochure 


complete set of specification 


ulletins. 
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JOHN E. POLIS 
Senior Design 
Application Engineer 
of our Molecu-Dryer 
Division, reports on 





LOW COST \ 


INSTRUMENT 
AIR DRYING 


DELIVERY OF CLEAN, DRY AIR 
AT LOW COST for a “dry box” 
installation at one of our custom- 
er’s plants . . . is now being accom- 
plished with a Hayes MS Series 
Recirculating Molecu-Dryer. The 
same can be done for your instru- 
ment uir system . . . where moisture 
causes rust, clogs up instrument 
ports, and creates freeze-ups in the 
air lines. 

A NEW HAYES TYPE MSX 
MOLECU-DRYER has been devel- 


and solve in- 

strument air 

problems. 

An externally 

heated dryer, 

the MSX is a 

complete, 

compact, high- 

capacity unit 

featuring a 

simplified control system . . . makes 
drying and reactivating operations 
easy, automatic—at lowest cost ever. 
SHELL AND TUBE DESIGN has 
been designed for safe, high pres- 
sure working ranges to 500 psig. 
Many other design innovations for 
which patents have been granted 
have also been applied to this and 
other Hayes Molecu-Dryer units. 
The unique feature of the new 
MSX, however, is the downflow 
stream which eliminates fluidizing 
of the desiccant bed, especially with 
high velocity flows. 

SHORT CYCLES — CONTINUOUS 
FLOW. Dry and purge circuits of 
the MSX are independent and com- 
pletely automatic . . . operate in 
alternating 4-hour cycles. Larger 
size Linde® Molecular Sieves are 
used, together with down-flow 
adsorption, to increase flow rates as 
much as 3 to 4 times that of com- 
parable dryers with upflow stream. 


A WIDE SELECTION OF FLOW 
CAPACITIES and pressure ranges 
are available to meet your partic- 
ular insirument air drying needs. 
Bulletin 1060C gives full details 
ae on the new 
Hayes Type 

MSX Molecu- 

Dryer. For 

your copy, 

write C. I. 

Hayes, Inc., 

944 Welling- 

ton Ave., 

Cranston 10, 

Rhode Island. 


Cc. 1. HAYES, inc. 


Established 1905 


r 


it pays to see Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos- 


phere generators, gas and liquid dryers, 
\ Pow-R-Trol (TM) control units. 
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BLENDING SYSTEMS 2 t,, 
pose Morehouse 


PROVING RINGS 


FOR ACCURATE 
LOAD CALIBRATIONS 
TODAY, TOMORROW 


New automatic batch and continu- 
ous blending systems can control any 
number of fluid or dry ingredients by 
combinations of standard Pottermeter 
transistorized modular electronic in- 
struments. Can use information pre- 
set on Model 526 totalizer, or receive 
a recipe or formula on a coded punch 
card, tape or punched tape. Code 
translation memory unit is included 
in this type system.—Potter Aeronau- 
tical Corp., Route 22, Union, N. J. 
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10-Mc COUNTER-TIMER 


Not just accuracy, but sustained 
accuracy makes the Morehouse 
Proving Ring the accepted stand- 
ard of force measurement. Once 
calibrated by the National Bureau 
of Standards, it is unsurpassed 
in dependable repeatability. The 
basic simplicity of its design 
assures retention of initial accu- 
racy — \%o of 1% — over long 
periods of time. For full details, 
write for “The ABCs of ACCU- 
RACY.” 


NEW UNIVERSAL 
CALIBRATING MACHINE 


Designed to best 


New solid-state 10 Mec program- 
mable counter-timer meets rugged en- 
vironmental conditions. Measurements 
include frequencies from 0 to 10 Mc 








and time intervals to 10 see with an 
accuracy of 0.1 wsec. Short form cat- 
alog available—Systron-Donner 
Corp., 950 Galindo St., Concord, Calif. 
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CONVEYOR FEEDER 


New improved conveyor feeder, 
Series C, for hard-to-handle materials 
is designed to feed larger sizes of 
flaked, fibrous and similar materials 
ranging up to 1%” in dia. Feeders 
are 2-speed single conveyor belt units; 
a metering gate controls bulk ma- 
terial being fed to belt; dribble con- 
trol gate suspended above belt con- 
trols material flow from belt to con- 
tainers.—Thayer Scale Corp., Thayer 
Park, Pembroke, Mass. 
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utilize the pre- 
cision of the 
proving ring in 
the calibration 
of both com- 
pression and 
tension-type 
load cells. The 
new model fea- 
tures an adjust- 
able yoke and a 
two-speed pre- 
cision jack for 
easier operation. 
For details, 
write for Bulle- 
tin 193. 


MOREHOUSE 
MACHINE COMPANY 
T7422 Sixth Ave a k, Pa 
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HARDNESS TESTING 


SCLEROSCOPE 
FOR TESTING 
THE HARDNESS 
OF METALS. 
PIONEER AMER- 
ICAN HARDNESS 
STANDARD. 
OVER 40,000 

IN USE. 

(ASTM A427) 


DUROMETER 
FOR TESTING 
THE HARDNESS 
OF RUBBER & 
RUBBER-LIKE 
MATERIALS 
(ASTM D676) 
(ASTM D1484) 
(ASTM D1706) 


SHORE INSTRUMENT 


& MFG. CO., INC. 
90-35 VAN WYCK EXP. 
JAMAICA 35, N. Y. 


NEW 
LITERATURE 





CONTROL SYSTEMS 


MOISTURE CONTROL system for the 
paper industry, Moist-O-Graph IV, is 
described in 4-page Data Sheet 2.9-5b. 
—Minneapolis-Honeywell Regulator 
Co., Industrial Div., Wayne & Wind- 
rim Ave., Phila. 44, Pa. 
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HYDRAULIC SYSTEMS. 6-page Bulle- 
tin I-5802 describes typical packaged 
hydraulic systems, installations, and 
advantages in process control.—Vick- 
ers Inc., Div. of Sperry Rand Corp., 
Detroit 32, Mich. 
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CONTROLLERS, 6-page Bulletin DM- 
058 describes Series 624 Indicating 
Pneumatic Controllers.—Bristol Co., 
Waterbury 20, Conn. 
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DIGITAL SYSTEMS BUILDING BLOCKS, 
Data-Bloc and Data-Pac high-speed 
modules, are described and applica- 
tion-analyzed in 8-page brochure.— 
Harvey-Wells Electronics, Inc., 14 
Huron Dr., Natick, Mass. 
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‘NORTH HILLS’ 





— 


CURRENT GOVERNOR 


Model CS-117 


fo Constant Current 


@ Precision Current Source 


© Gyro Torquer Supply 
© Transistor and Diode Tester 


uracy 
» High Aero cellent subi ble 


For testing and measurement of gyros, 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 

© Current Range is 0.14a to 150 ma with 

6 decade multiplier 

© Regulation and stability 0.002% — 

@ Accuracy 0.005% 
In use by leading companies for gyro 
torquer supply, transistor avalanche test, 
diode PIV test, clutch testing, calibration. 


Literature describing this and other 
constant current sources from 0.1pa to 
80 amp. may be obtained from- 


T NORTH HILLS 
- ELECTRONICS, INC. 
Glen Cove, Long Island, New York 








FREED 


VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 


The Freed Type 1620 Megohmmeter is a ver- 
satile insulation resistance measurement instru- 
ment with a continuously variable DC test 
potential from 50 to 1000 volts. 


Components such as transformers, motors, 
printed circuits, cables and insulation material 
can be tested at their rated voltage and above, 


for safety factor. 








@ Resist to 4,000,000 
megohms. 

@ Voltage — variable, 50 - 1000 volts. 

@ Accurate — plus or minus 5% on oll ranges. 

@ Simple — for use by unskilled operators. 

@ Safe — high voltage relay controlled. 

@ Self contained — AC operated. 


—0.1 goh 
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OTHER MEGOHMMETERS AVAILABLE 
Type 1620C MEGOHMMETER — a type 1620 
with additional circuitry for testing capacitors. 
Type 10208 MEGOHMMETER — a 500 volt 
fixed test potential. Range 1 megohm to 2 | 
million megohms. 

Type 2030 PORTABLE MEGOHMMETER — | 
battery operated 500 volt test potential. Range | 





1 megohm to 10 million megohms. 


Send for NEW 48 page transformer catalog. 
Also ask for complete laboratory test instru- 
ment catalog. 


FREED TRANSFORMER CO., INC. 


1707 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N.Y. 
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STEAM TEMPERATURE CONTROL. 
4-page Bulletin 543 describes opera- 
tion and accurate control of high 
steam temps and principle of desuper- 
heater water control, and burner tilt 
and desuper-heater water control.— 
Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio. 
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LEVEL-DETECTION devices (elec- 
tronic) to handle bulk-flour dispensing 
in modern large-scale bakery opera- 
tions are described in 2-page Bulletin 
L-102.—Aeronautical and Instrument 
Div., Robertshaw-Fulton Controls Co., 
Santa Ana Freeway at Euclid Ave., 
Anaheim, Calif. 
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VALVES, ACTUATORS 


REGULATORS AND VALVES are de- 
scribed in 3 spec sheets: 4-page Bulle- 
tin 1386 on Type P Pressure Regula- 
tors; 2-page Bulletin 151 on Series 
RV200 and 201 and DV200 and 201 
Valves; 2-page Bulletin 152 on Type 
PLV Pressure Limiting Valve.— 
American Meter Co., 920 Payne Ave., 
Erie 6, Pa. 
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ACTUATORS, 4-page Bulletin B-1020- 
7 describes Series B-10 and B-20 
springy and diaphragm actuators in 
combinations including butterfly valve, 
adjustable port valve, burner valve, 
ete.—Conoflow Corp., 2100 Arch St., 
Phila. 3, Pa. 
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FLUID CONTROL VALVES—dome- 
loading (Domotor) regulated, cylin- 
der, and manual operated—are de- 
scribed in 60-page Catalog 1500E.— 
Annin Co., Div., Worthington Corp., 
1040 S. Vail Ave., Montebello, Calif. 
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VALVES. 2-page Bulletin 171 describes 
Reliance Type LV-10 lever-actuated 
control valve for liquid level applica- 
tions. 2-page Bulletin 113 describes 
Types A-163 Pressure Regulator, a 
precision device for lab test applica- 
tions.—-American Meter Co., 920 
Payne Ave., Erie, Pa. 
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AUTOMATIC CONTROL VALVE which 
combines features of a_ controller, 
positioner, and valve is described in 
12-page Bulletin SF-755-A.—Fulton 
Sylphon Div., Robertshaw-Fulton Con- 
trols Co., Box 400, Knoxville 1, Tenn. 
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AIR COMPRESSORS for industrial ap- 
plications—four models rated at 25, 
50, 75 and 100 hp—are described and 
illustrated in 6-page Bulletin 203.— 
Clark Bros. Co., Div. Dresser In- 
dustries, Inc., Olean, N. Y. 
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Stock 
Molded 


Ne 


AVAILABLE WITH OR WITHOUT SKIRTS 


Standard 
Sizes 


ANI 


Meet 
MIL-P-14 
Specs 


—— ROYAL $/Sa: 24x 

mm, 24x 24mm or 18 
Sata frames; with 
coupled range/view- 
finder (lenses from 
30mm to 400mm); auto- 
matic one-by-one shots 
or Kinographic bg a 
for yore 4 5-6 frames 
per second 


NUCLEUS OF 
A COMPLETE 
ELECTRO- 


AUTOMATIC 
RECORDING 
SYSTEM 





ROBOT RECORDER: 24 x 
36mm, 24x 24mm, 18x 
24mm or 6x24mm 
frames; without renge/ 
viewfinder. OPTIONA 
rewind Knob, aman 
release, reticle, reflex 
system for double ex- 
posing second 8x 8mm 
image. 





MODEL 
RB-1250-SK 
Illustrated 


ROBOT STAR II: 24x 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for 4%” or %” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 


24mm frames; with lumi- 
frame viewfinder (lenses 
from 30mm to 150mm); 
single motor for 20 ex- 
— or double motor 
p to 55 exposures 
without rewinding. 


ROBOT COMPLETE ELECTRO-AUTOMATIC RECORD- 
ING SYSTEM: Royal or Recorder Camera w/30 
or 200 ft. magazine; electric booster motor; 
camera holder; remote release; angle bracket; 
transformer- rectifier; intervalometer (timer) from 
Y% sec. to 24 hours. 





stock molded knobs. 


ROGAN BROTHERS, 


8037 N. MONTICELLO 


Specializing In Stock Molded Knobs Since 1939 


Inc. 
SKOKIE, ILL. 


PELLETS: ICR-1. 
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NEW 
LITERATURE 


MANUAL OPERATOR, 2-page Bulletin 
153 describes Microsen closed-loop 
process control instrument, Type A153 
manual valve control with meter-type 
valve position indicator and control 
knob.—Aeronautical and Instrument 
Div., Robertshaw-Fulton Controls Co., 
Santa Ana Freeway at Euclid Ave., 
Anaheim, Calif. 
CIRCLE 336 ON READER-SERVICE CARD 


CONTROL VALVES. 8-page Catalog 
J170-1 describes Sliding Gate and 
Plate Control Valves for steam, water, 
air, oil, gas and chemicals. OPW-Jor- 
dan, 6013 Wiehe Rd., Cincinnati 13, 
Ohio. 
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VALVES. 2-page catalog sheet de- 
scribes the Atlas Type F and Type FS 
pressure reducing valves for use with 
steam, water, gas and air to initial 
pressures of 500 psi. Two 2-page cata- 
log sheets describe No. 3850 and No. 
3851 Type F pressure reducing and 
relief valves for water, oil, gas service 
to initial pressures of 4000 psi— Atlas 

Valve Co., 280 South St., Newark 5, 
N. J. 
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BRONZE BALL VALVE is described in 
2-page Circular 611.—Lunkenheimer 
Co., Cincinnati 14, Ohio. 
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ROBOT —THE TRADEMARK OF karl h 
PHOTOGRAPHIC AUTOMATION © a eitz 
See your franchised ROBOT dealer or 


write for free illustrated brochure 
480 LEXINGTON AVE., NEW YORK 17 © YUkon 6-4920 
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TEMPERATURE 


TEMP CONTROLS. 4-page Catalog G- 
25 describes electric and pneumatic 
differential expansion type tempera- 
ture controls for temps to 2000°F.— 
Burling Instrument Co., 16 River Rd., 
Chatham, N. J 
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PYROMETER. 4-page Bulletin 10C60 
describes Shawmeter automatic, two- 
color Pyrometer for indicating, re- 
cording or controlling temperatures. 
—Shaw Instrument Corp., Box 46, La- 
trobe, Pa. 
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PYROMETER. 2-page Bulletin 0057 
features Types CSP and CST Portable 
Radiation Surface Pyrometers for 
continuous recording and control of 
sheet, web and film temperatures.— 
Atlantic Pyrometers, Inc., 190 War- 
burton Ave., Hawthorne, N. J. 
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PRESSURE, VACUUM, 
WEIGHT 


RUPTURE DISKS of impervious graph- 
ite, their venting capacities, gasket 
sizes, bolt torq specs and installation 
are described in 8-page Bulletin 315-2. 
—Falls Industries, Inc., Solon, Ohio. 
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WEIGHING, 4-page brochure describes 
Ametron electronic crane scale that 
combines weighing and_transport- 
ing. Also available, 12-page booklet, 
“Industrial Weighing Through Elec- 
tronics.”—Streeter-Amet Co., Grays- 
lake, Il 
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HIGH VACUUM EQUIPMENT is de- 
scribed in short-form catalog.— 
Hughes Aircraft Co., Vacuum Tube 
Products Div., 2020 Short St., Ocean- 
side, Calif. 
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WEIGHT CALCULATOR, 4-page bro- 
chure describes DATAMATIC Weight 
Calculator used alongside filler lines to 
weigh and record weights of items on 
production lines of coffee, tablets, oils, 
drugs, etc.—Scale Specialties, Inc., 
Box 574, Denville, N. J. 
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FLOW, LEVEL 





BELLOWS TRANSMITTER. 4-page 

Spec $230-1 describes Bellows Differ- 
ential Pressure Transmitter, indicat- 
ing and non-indicating models.—Min- 
neapolis-Honeywell Regulator Co., In- 
dustrial Div., Wayne and Windrim 
Ave., Phila. 44, Pa. 
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PRESET TOTALIZER, 4-page Bulletin 
D-222 describes Model 524 automatic 
pre-determined counter that provides 
push-button control of fluid measur- 
ing, batching, mixing or blending.— 
Potter Aeronautical Corp., Route 22, 
Union, N. J 
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3 Reasons Why 


Robbins VALVES Are the Most 
Economical You Can Buy 


te The only valves that 
can be completely serviced 
in less than 1 minute 

from the front of mounting 
panel without removing 
the valve from the line! 


To service a Robbins Metering & 
Shut-Off Valve it is only necessary to 
remove the handle, loosen locknut and 
remove barrel assembly .. . all accom- 
plished from the front of the panel , . . 
no need to disturb the line connections! 


, * Single barrel assembly! 


For both civilian and military installa- 
tions the single barrel assembly design 
and construction features (barrel, spin- 
dle, spindle seals, barrel seals and seat 
in one unit, cleaned, lubricated, sealed 
for oxygen service) mean practically 
instantaneous renewal of service without 
disconnecting any plumbing. 


3 As many as 5000 cycles 
@ before requiring servicing! 


Many Robbins Metering Valves . . . 
in constant use on an 8-hour a day basis 
for three years have never re- 
quired servicing, lubrication, or any 
parts replaced! 


..-And the Most Reliable! 


Precision made and tested. Design 
capabilities, manufacturing procedures, 
and quality control operations at Rob- 
bins Aviation are all directed toward 
one objective . . . to produce a valve of 
the highest quality that will provide the 
user with the greatest reliability and 
the greatest economy over many years 
of service. 


All Valves LOX Cleaned and Packaged 
- + » Ready for Instant Use 


Metering 
Shut-Off 
Oxygen 
Hydraulic 
Pneumatic 


2350 E. 38th St., Los Angeles 58, Calif. 
LUdlow 9-5221 
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NEW 





LITERATURE 


LIQUID-LEVEL SENSOR. 4-page folder 
describes unitized liquid-level switch 
which combines an ultrasonic probe 
and transistorized control into inte- 
gral unit.—Acoustica Associates, Inc., 
Gauge and Control Marketing Dept., 
10400 Aviation Blvd., Los Angeles 45, 
Calif. 
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PUMPS, 32-page Bulletin 553-2 on mo- 
tor driven controlled volume pumps 
features selection data guide, materi- 
als selection charts, capacity-pressure 
selection tables.—Milton Roy Co., 1300 
E. Mermaid Lane, Phila. 18, Pa. 
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TOTALIZER. Two 2-page bulletins de- 
scribe 60°F Barrel Flow Totalizer 
System and Electrical Pulse Driven 
Ticket Printer.—Potter Pacific Corp., 
Box 398, Woodland Hills, Calif. 
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SPEED, TIME 


SPEED MEASUREMENT. 4-page Bulle- 
tin 1000 describes self-generating 3- 
phase electric speed measurement sys- 
tems.—Meriam Instrument Co., 10920 
Madison Ave., Cleveland 2, Ohio. 
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DIGITAL TIMERS. 2-page Bulletin 98 
describes Chrono-log Model 8000 Digi- 
tal Counters and Model 9000 Digital 
Timers which produce digital, decimal 
representation of total count or 
elapsed time.—Chrono-log Corp., Box 
4587, Phila. 31, Pa. 
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TURBINE SUPERVISORY instruments 
are described in 12-page Bulletin 
3078-1. System monitors vibration, 
shaft eccentricity, shell and differen- 
tial expansion, speed, and valve posi- 
tion. Also 4-page Bulletin 3077-1 de- 
tails credits allowed for earlier models 
on replacement.—General Electric Co., 
Schenectady 5, N. Y. 
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DATA HANDLING 


COMPUTER, 4- -page Bulletin SB 0860 
describes refiner’s use of Bendix G-15 
digital computer to compute material 
balances; forecast alkylation, poly- 
merization, and outside butane re- 
quirements; analyze heat-exchanger 
performance, and gasoline blending.— 
Bendix Computer Div., 5630 Arbor 
Vitae St., Los Angeles 45, Calif. 
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DIGITAL DATA SYSTEMS, applica- 
tions for digital tape recording tech- 
niques, and functional and block dia- 
grams are described in 20-page bro- 

Minneapolis-Honeywell, In- 
dustrial Systems Div., 10721 Hanna 
St., Beltsville, Md. 
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BIG NEWS FOR USERS OF INSTRUMENT LATHES 


E'VIN . LATHES 


PRODUCE SMALL INSTRUMENT 
PARTS MUCH BETTER 


We present the latest in the series of Levin Instrument 
Lathes, a new model with a half inch collet capacity 
but with the same sensitivity and precision for which 
Levin Lathes are so well known. 


Here is a typical exam- 
ple of work which can 
be done in the new Levin 
Y," capacity lathe. A 
hole .002” in diameter 
is being drilled in a 
nozzle. 


Send for literature describ- 
ing the %2” capacity in- 
strument lathe and acces- 


sories. 


LOUIS LEVIN & SON, INC., 3573 HAYDEN AVE., CULVER CITY, CALF. 
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Check these prices on Gould Type M 


Solenoid Valves ELECTRONICALLY 


TYPICAL USER NET PRICES 
F. 0. B. FACTORY Sb. xb Zz ® Ametron Electronic Scale systems 
a : =. are custom engineered to fulfill 


the requirements of performance that will meet your exact 
specifications. They are flexible instruments requiring a mini- 
mum of maintenance. Ametron 

1te5 100 to 499 Scales weigh heavy loads and 
-” $15.40 $11.15 print the record of weight on tape, 


%” 18.50 13.60 cards, or bills of lading. 
" 24.25 18.50 


1%" 48.00 42.40 Many new features have 
been added to the Cabinet » 


2-Way « General Service Model Recorders. 
Packless - Normally Closed 
Sizes %” to 3” « Temperatures to 250° « Pressures to 400 psi * Molded Write for the latest bul- 
epoxy resin water-proof coils * Unbreakable piston rings * No damag- letin, B-20, illustrating 
ing hammer » Easy-off “O” ring bonnet construction in sizes %” thru Y% electronic weighing sys- 
¢ High temp coils and explosion proof housings available. Immediate 
delivery. Ask for Bulletin 600-M. 
SOME OTHER TYPES OF GOULD SOLENOID VALVES 


D—Adijustable flow control, adjustable cushioning control to reduce shock, 
manual opening. HV—Four independent controls—opening, closing, flow, 
manual opening. G—Stainless, fractional ports, pressures to 1,000 psi. 
GX—All 316 stainless, fractional ports. K—Stainless, 2” to 2”. MDW— 
Direct acting. NOTE: Special assemblies for exacting requirements. 


6 ee ee STREETER-AMET COMPANY 


SOLENOID VEL TROL GRAYSLAKE, ILLINOIS 
GOU L VALVES + U.S.A 
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Y REBUILT \ 
INSTRUMENTS 


Many Temperature ( 
Precisian Indicators, Contir 
& Multiple P 
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Strain Gauge Record 
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INSTRULAB, INC 
1205 Lamar St. + Dayton 4, Ohi 
NX BAS-2241 
N 
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PYROMETERS 
BOUGHT—SOLD—SERVICED 


Immediate Shipment of Rebuilt 
Pyrometer Equipment From Stock 
—LIST ON REQUEST— 


PYRO SERVICE CO. 


17121 Greeley, Detroit 3, Mich. 











Fixed Set Thermostats 


ANY SIZE, ANGLE OR USE 
SETTING RANGE: —35°C to 370° 
SET SENSITIVITY: 
+.01°C 


Guaranteed sensitivity .. . 
year-in, year-out reliability 
" te control of 


tronic 

duets, freezers, fire alarms, in- 

cubators, analytic instruments, 
ete. Triple distilled mercury; filled at 
still. Hermetically sealed with dry hy- 
dregen at 75 psi. Calibrated to Bur. 
Standards accuracy. Priced 10% to 15% 
lower than competitive lines. 


FREE CATALOGUE WRITE 
PHILADELPHIA SCIENTIFIC GLASS 


COMPAN 
21 PALETOWN RD., QUAKERTOWN, PA. 
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SMITHS TACHOMETERS 


For Precise and Rapid Measurements of 
SHAFT SPEEDS CUTTING SPEEDS SURFACE SPEEDS 
© Magnetic Design 
Steady readings ac- 
curate to +0.5% 
© Self-Powered 
Needs no battery. 
® Held Button 
© Overspeed Protec- 
tien Inherent 
® Instantaneous 


Reading No timing 


mplete Service F e P for De d Literature 
CLARENCE J. MARX CO. 
Box 4033, Cleveland 23, Ohio 
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ELECTRIC 


Giant 8' 


GRA LAB INTERVAL TIMER Automatic signalling 
and switching over unusually wide range of 8600 pes- 
sible setting 

GRA LAB MICRO TIMER 1/10 sec. or 1/1000 min. 
step clock. Remote start stop control, Write fer cata- 


en. 
DIMCO-GRAY company 


212 E. SIXTH ST., DAYTON 2, OHIO 
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MEASURE RPM. 
i. 


PORTABLE 
AND STATIONARY 
BULLETIN NO. 1048 


HERMAN H.STICHT CO., INC. 


27 PARK PLACE, NEW YORK 7,N.Y. 
CIRCLE 148 ON READER-SERVICE CARD 


PYROTEL 
AUTOMATES « SAFEGUARDS 


— 


HEATING PROCESSES 


Non contacting radiation pyrometer. For 
inaccessible, moving, or fragile targets. Per- 
fect for induction or resistance heating, or 
with furnace, crucible or flame. Fast acting 
and accurate. 

PYROTEL gives meter indication, recording 
output and relay control. It will monitor, sig- 
nal or control extrusion, hot forming, web dry- 
ing, forging, heat treating, melting or harden- 
ing processes. Fast acting, non-corroding and 
dependable operation proved by leading man- 
ufacturers. 

Models are available for all temperature 


ranges, from 140° F. upwards. Versatile, ac- 
curate and dependable. Write for information, 


recommendation and quotation. 


MASON INSTRUMENT COMPANY 


P.O. Box 1681, 6.P.0. New York |, N.Y. 
Telephone MOunt Vernon 4-3069 
Repr. inquiries invited, 
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Model HT-12 Four-Range Tachometer 
Centrifugal tachometer that measures revolu- 
tions per minute and surface speeds. 


TOTAL RANGE: 90-12,000 RPM 


4th — 3000-12000 RPM 
Feet per minute—one half the 
dial reading with use of 6" disc 
wheel. 
Advantages: Accuracy—+05% © Stop button 
feature © Instantaneous readings * 3" easy 
to read dial © Light—approx. 14 oz. 


Kernco Instruments Co., Inc. 











Box 1264, Church St. Station 
New York 8, N. Y. 


POWER SUPPLIES and load analyzers 
are described in 6-page Bulletin B611. 
—aAnders Electronics, Inc., Brook Rd., 
Needham Hts. 94, Mass. 
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MISCELLANEOUS 


ELECTRODE GLANDS. 8-page Catalog 
960 describes electrode glands that 
pressure seal electrical leads, provide 
high dielectric strength and corrosion 
resistance.—Conax Corp., 2300 Wal- 
den Ave., Buffalo 25, N. Y. 
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ZERO GOVERNOR. 4-page Bulletin 
114 describes Reliance Type AZ Zero 
Governor for gas engine installations, 
pre-mix machines, and other gas-air 
applications requiring zero pressure 
or vacuum opening.—American Meter 
Co., 920 Payne Ave., Erie 6, Pa. 
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TECH RUBBER STAMPS. 80-page cat- 
alog describes and illustrates rubber 
stamps of standard symbols (ASA, 
ASME, AIEE, IRE, NEMA, etc.)— 
Paper Equipment Distributing Co., 
Box 90, Prince St. Sta., New York 12, 
Re 


CIRCLE 360 ON READER-SERVICE CARD 


GAS SURVEY RECORDER that cuts 
load research costs is featured in 4- 
page Catalog 35-1543.—Fischer & 
Porter Co., 713 Jacksonville Rd., War- 
minster, Pa. 
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pH METER, 2-page Bulletin 706-F de- 
scribes Zeromatic pH Meter, line-op- 
erated and drift free. Push-button 
controls—Beckman Scientific and 
Process Instruments Div., Fullerton, 
Calif. 
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SALT SPRAY CHAMBERS made of 


Lucite are described in 2-page Bulle- 
tin C-11-2. Meet mil-spec corrosion re- 
quirements.—Associated Testing Labs, 
Inc., Wayne, 
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FITTINGS, 4-page Bulletin 4323B1 de- 
scribes Ridg-lok flareless tube fittings 
of stainless for corrosion-resistant 
service.—Parker Fittings & Hose Div. 
Parker-Hannifin Corp., 17325 Euclid 
Ave., Cleveland 12, Ohio. 
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Peru D BEAM Py 
PL COMPASS 


COMPS 


Beam lengths from 7” to 
one piece anodized aluminu 
available in Aluminum, 
Nylon, or attractive e. 
Sets available, individually priced 
trem $3.45 or made up to individual 
requirements. (15% quantity dis- 
count on 3 or more sets) 
<4 NON-SLIP “GRIP-RINGS” furn- 
ished with all peo’ s 
Send for Circular and Price List Teday 
FERANCE Construction Co. 


28 Woodside Drive « Penfield, N. Y. 
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INDUSTRY 
NEWS 





THE FOXBORO COMPANY announces that Charles 
Schwarzler will head the new marketing division as vice 
president of marketing; Henry O. Ehrisman has been ap- 


CHARLES HENRY VINCENT V. 
SCHWARZLER O. EHRISMAN TIVY 


pointed vice president and U. S. general sales manager; 
and Vincent V. Tivy has been named director of engi- 
neering. 





WESTON INSTRUMENTS DIVISION 
of Daystrom, Incorporated announces 
the appointment of Harold L. Russell 
as general sales manager. 





SPRAGUE ELECTRIC has appointed four new senior vice 
presidents and four new vice presidents. Among them are 
Neal W. Welch, S.V.P., marketing and sales; Wilbur A. 
Lazier, S.V.P., technical director; Robert C. Sprague, Jr., 
S.V.P., industrial relations; David B. Peck, V.P., special 
products; and Carroll G. Killen, V.P., industrial and mil- 
itary sales. 





FISHER GOVERNOR COMPANY recently held a two- 


week “Sales Fundamentals” school, attended by 40 sales- 


men from all over the country, and one from Japan. Per- 
sonnel got a background in automatic control fundamen- 





RADIATION INCORPORATED an- 
nounces that Albert J. Morris has been 
elected president of the newly formed 
subsidiary RADIATION AT STAN- 
FORD, comprising the former Levin- 
thal Electronic Products, Inc. and the 
company’s former Space Communica- 
tions Division. 








Tntroduccng THE MODEL D 
NEW (/cldor DUPLEX PROJECTOR 


As a double 
feature it is both: 


A small parts Compara- 
tor with screen observa- 
tion and a Toolmaker 
Microscope for micro- 
scopic observation 


With 4 interchangeable mag- 
nifications 
© transmitted light for 
shadow images 
®@ surface illumination for 
reflected images. 


Plus High-Precision Optics 
@ sliding screen for zeroing 
and basic measurements. 


Coordinate Measuring Stages A 4 
available optionally les 


Request folder 84-100 


70-METRIC TOOLS, we. 


137 IC VARICK STREET * NEW YORK 13, N.Y. 








PORTABLE MILLIVOLT 
POTENTIOMETER 


WITH 


LABORATORY ACCURACY 


MODEL E-3067 POTENTIOMETER 
e 2 RANGES, 0-16.1 & 0-80.5 


e MANUAL COMPENSATOR WILL 
OPERATE ABOVE & BELOW REF. 


JUNCTION TEMPERATURE 
e SPOT-LIGHT GALVANOMETER 


e ACCURACY, LOW RANGE, .0! M.Y. 
HIGH RANGE, .05 M.V. 
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Pittsburgh 12, Pa. 


CIRCLE THE NUMBER that 
corresponds to the number ap- 
pearing with the product re- 
ported or advertised in this 
issue. 


{instruments Publishing Co., Inc.) 
845 Ridge Avenue 


POSTAGE WILL BE PAID BY— 


BUSINESS REPLY MAIL 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 


PRINT YOUR NAME, title, 
company, address, etc., clearly, 
detach and mail. No postage 
needed. 
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January 61 


Every monih—thousands 

of readers turn to and use 
Instruments and Control Systems 
ANNUAL BUYERS’ GUIDE 

to help decide specs and 
procurement of instrumentation 
and control equipment, systems, 
and components. 


Plan now to ADVERTISE 
in the next edition —October 
1961. Contact our nearest 
representative — see list 

on page 4, this issue. 
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PRODUCT 





INDEX 


The following is a handy reference to products (and 
their reader-service number) reported in this issue. 
For more information on any product mentioned, 
circle the corresponding number on the reader- 


service card. 


Thie index ie published as a service. Avery care is taken to make it accurate, 
but [1&08 aseumes no responsibility for errere er omissions. 


Accelerometer, ? 

Air Compressor, 334 

Air Dryer, Filter, 238, 315 
Air Freight, 172 
Ammeter, 90, 20! 
Amplifiers, 14, 216 
Analytical, 290, 361, 362 


An/Dig Converter, 117, 
227, 258, 310 


Annunclators, 248, 250, 360 
Bearing, 184 

Blender, 319, 348 

Btu Meter, 6 


Calibration Standard, 3, 
48, 62, 63, 88, 97, 104, 
112, 185, 196, 222, 358 


Camera, 141, 257 266 
Capillary Tubing, 52 
Ceramic, 274 

Chambers, Salt, 363 
Charts, 105, 26! 
Chromatography, 81, 28! 
Clutch, 244 

Combustion Analyzer, 17 
Commutator, 178 


Computer, Analog, 13, 61, 
255, 296, 305 


Computer Digital, 28, 166, 
355, 356 


Conductivity, 99 

Connector, 217 

Contacts, 200 

Control Panels, 34 

Control Systems, 175, 235, 
240 


Controller, 26 
Counters, 72, 110, 124, 166, 


308, 320, 348 
Current Source, 138 
Curve Follower, 198 
Data Reduction, 65, 202 
Dew Point, 312 


Digital Modules, 100, 134, 
191, 265, 325, 371, 373 


Digital Readout, 131, 183, 
214, 234, 359 


Digital Voltmeter, 55, 60 
Displacement Pickup, 309 


Generator, AC, 114 
Hardness, 137 

Heater, 170 

High Voltage Supply, 23 
Hydraulic Power, 323 
Impedance Bridge, 85 
Infrared, 168, 228 
Insulation Test, 90, 139 
Knobs, 140 

Lathe, 142 

Length, 124 

Level, 125, 236, 262, 327, 349 
Load, 71, 197 

Logic Kit, 191 
Lubrication, 182 


Magnetic Tape, 4, 129, 213, 
215, 218, 264, 267, 272, 
292, 369 


Magnetic Amplifier, 169 

Manometer, 38 

Material Test, 278 

Memory, 42 

Moisture, 156, 287, 322 

Molecular Still, 181 

Multiplier, 224 

Navigation Aid, 75 

Optics, 50, 75, 91, 4 

Orifice, 37 

Optical Comparator, 154 

Oscilloscope, 68, 226, 303, 
307, 313, 355 

Oxygen Indicator, 161, 163, 
199, 2% 


Panel Lights, 36 

pH, 53, 380 

Phase, 76, 304, 352 

Photoelectric Control, 180, 
220, 233 


Pneumatic Control, 24, 306, 
324 


Potentiometers, 63, 165, 195 


Power Supplies, 23, 89, 104, 
138, 231, 358, 375 


Power Voltage, 173 
Pressure Control, 280 


Pressure Gages, 70, 86, 92, 
93, 106, 115, 121 


Pressure Regulator, 43, 359 


Rebuilt Instruments, 145 


Recorders, 7, 12, 16, 20, 27, 
33. 116, 129, 188, 190, 201, 
210, 219, 249, 252, 273, 
356, 372, 379 


Refractometer, 179 
Relays, 15, 22, 9% 
Resistance Therm., 294 
Resistors, 211, 289 
Rupture Disc, 164, 344 
Seal, 376 

Solenoid, 18 

Speed Measure, 352 
Stepping Switch, 67 
Standards Labs, 167 
—_ Gages, 44, 189, 284, 


Switches, 2, 178, 297 

Symbol Stamps, 340 

Synchro, 247 

Tachometers, 148, 150, 152, 
284 


Telemeter, 5, 78, 214 
Telephone Handset, 10! 


Temperature Control, 49, 
77, 108, 193, 219, 275, 302, 
326, 340, 341, 342 


Temp. Monitor, 25, 30, 128, 
259 

Thermocouple, 25, 84, 102, 
127, , 357 


Thermometer, 79, 119, 223, 
293, 301 


Thermostat, 149, 282 
Time Delay, 209, 279 


Timer, 103, 110, 147, 203, 
232, 254, 353 


Totalizer, 35! 

Transformer, 354 

Transistor Test, 212 

Tube Fittings, 159, 382 

Tubing, 21, 52, 69, 87 

Turbine Monitor, 354 

Ultrasonic Cleaner, 242 

Vacuum, 223, 317, 270, 285, 
346 


Valve, 135, 260, 268, 7 
291, 317, 328, 329, 330, 
331, 323, 336, 337, 338, 339 


Valve, Bail, 10, 339, 


Valve, Control, 32, 46, %, 
157, 332, 337 


Valve Positioner, 40 


Valve, Solenoid, 19, 57, 68, 
Engraver, 80, 132 143 239 
Environmental Test, 381 
Feeder, 32! 

Filter, 136 

Fittings, 364 

Fiowmeter, 120, 204, 364 
Flowmeter, Mass, 59 
Force, 54, 71! 

Frequency Meter, 187, 277 
Furnace, 251 


j Fused Quartz, 162 
Gas Analyzer, 17, 161, 163, 
| 199, 229, 241 
Gas Load, 379 


Gears, 133 


Pressure Switch, 41, 208 ‘ . “ 
Pressure Tester, 118, 311 Variable Transformer, (39 


Vibration, 245, 288 
Pressure Transducer, 89, Viscometer, 
123, 225, 27 Voltage Calibrator, 126 
Pressure Transmitter, 343 


Voltage Comparator, 35! 
Printer, 314 Voltmeter, 55, 60, 90, 97, 
; 370 
Precess Control, 11, 13, 26, a0, 396, SM, 353, 
56, 65, 77 


VIVM, 246 
Programmer, 15, 108, 240 Water Analyzer, 207 
Pump, 350 


Weight, I11, 144, 174, 256, 
Punch Tape, 191, 269, 295, 
349, 350 
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Pyrheliometer, 39 


Pyrometer, 98, 100, 122, 
146, 151, 341, 342 














Look to March 196] issue of 
Instruments and Control Systems 
for expert treatment of three 
important control topics - - - 


e TIMING 
e PROGRAMMING 


e OPTICAL 
INSTRUMENTATION 


ICS' READERS can look forward to a 
comprehensive display of highly informative 
and useful data on these topics. 


MANUFACTURERS of these and allied 
equipments and components will find 
March ICS a particularly valuable 
medium for their product advertising. 
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FIRST GLASS 
PERMIT NO. 1441 
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Pittsburgh 12, Pa. 


POSTAGE WILL BE PAID BY— 
(Instruments Publishing Co., Inc.) 
845 Ridge Avenue 


BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 
INSTRUMENTS and CONTROL SYSTEMS 











For ad and other details, contact our 
nearest rep —see list on page 4. 





January 61 


for more data on 
products advertised 
or reported editorially 


1. CIRCLE THE NUMBER, on one 
of the cards, that corresponds 
to the number appearing with 
the advertisement, new prod- 
uct description or new man- 
ufacturer's literature. 


. PRINT YOUR NAME, title, com- 
pany, address, etc. clearly. Un 
readable cards defy even 
punched card machines! 
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NOTE: If indicating change of address, be 
sure to also show OLD address. 
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Valid only: In U.S. and Canada; If filled out completely; Until 4-1-61 


Principal Product of Your Piant 
0) Check for address change. 
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YOUR 
PERSONAL 
SUBSCRIPTION 


What's in it for you? 


A clean crisp copy each month and every month, 
completely free of "other reader" marks—no clip- 
or tear-outs—no creased, bent, coffee stained, dog- 
eared (or chewed) pages. 


And ... you get the full benefit of outstanding 
editorial material—solid application data, uncen- 
sored by the scissor-wielding reader "up the list" 
from you—news that's still newsy—and unbroken 
"series" continuity. 


Your personal subscription 


To INSTRUMENTS & CONTROL SYSTEMS will as- 
sure you of receiving the important 1960 special 
features on the following: 


FEBRUARY—Pressure and Strain Instrumentation 
MARCH—Program, Time, Optical Instrumentation 
APRIL—Flow Measurement and Control 
MAY—Temperature Measurement and Control 
JUNE—Telemetering 

JULY—Recording 


Enter your personal subscription now—use 
the postpaid card above. 





Be = 


AUTOMATION =% 


BEGIN 





...with the most basic tools at an engineer’s disposal: experience, a drawing 
board, and a complete catalog of instruments and controls designed for the 
automated process. That’s why you’ll find more and more design engineers 
coming to depend on the new General Controls Automation Controls Catalog. 
Here is a “working” catalog for the shirt-sleeves engineer, because it puts 
a complete diversified line of controls for automation in a single usable format. 
When you get yours, scan through it quickly. You’ll find everything you need 
for that next job — program timers, actuators, automatic valves, sensing 
devices, potentiometers, and counters. There is also an experienced staff of 
field engineers ready to lend a hand when you need it. Send for your copy 
of this new catalog now. 


GENERAL CONTROLS 


Automatic Controls for Pre 


Glendale, Calif. - Skokie, Ill. - Guelph, Ontario, Canada 





ANALOG TO TAPE 


DIGITAL TRANSPORT 
CONVERTER 


WHERE DID ALL THE PRE-AMPS GO 


New low-level multiplexer features high accuracy, 
programming flexibility in minimum space 


Where did the pre-amps go? The Radiplex 89—first true low- 
level multiplexer—eliminated them. This high-speed, 48-chan- 
nel unit represents a major breakthrough in PCM systems. 
Using solid-state circuitry throughout, it confines in a single 
small chassis equipment that would fill three 6-foot cabinets. Circled area 
Yet the Radiplex 89 in operational tests has actually provided small space (5%" high) 
more accurate data than conventional systems. 


indicates 


occupied by 48-channel 

. . ° Radiplex multiplexer in 

Some of the outstanding performance features of the Radi- 
standard cabinet. Unit 


plex 89 are: 0.025% resolution, 10uv noise level, less than incall iinet 
e LO firectly c waifisten 
05% crosstalk, common mode rejection ratio of 10 il and sa: gy emalniead, sailiidiineaeas 
up to 24 kc samples per second. Flexibility of programming is hidtih ain: 
achieved with alternate programmer boards, and the unit is 
compatible with most coders. 
For other details on the Radiplex 89, write for a tech- 
nical data bulletin to Radiation Incorporated, Dept. IC-1. 
Melbourne, Fla. 


RADIATION 


INCORPORATED 
CIRCLE 158 ON READER-SERVICE CARD 





